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SUMMARY  OF  THE  PROCEEDINGS  OF  THE 
TWENTY-FIFTH  ANNUAL  MEETING. 

Atlantic  City,  N.  J.,  June  27-30,  1922. 


The  Twenty-fifth  Annual  Meeting  of  the  American 
Society  for  Testing  Materials  was  held  at  the  Chalfonte-Haddon 
Hall,  Atlantic  City,  N.  J.,  June  27-30,  1922.  The  following  is  an 
analjrsis  of  the  attendance  at  the  meeting:  Members  in  attendance 
or  represented,  626;  guests,  116;  total,  742;  ladies,  172.  The  corre- 
sponding statistics  for  the  Twenty-fourth  Annual  Meeting  are:  Mem- 
bers in  attendance  or  represented,  583;  guests,  116;  total,  699; 
ladies^  131. 

First  Session— Tuesday,  June  27,  9.30  a.  m. 
On  Non-Ferrous  Metals  and  Corrosion. 

President  C.  D.  Young  in  the  chair. 

The  minutes  of  the  Twenty-fourth  Annual  Meeting  were  approved 
as  printed. 

The  President  appointed  F.  M.  Waring  and  R.  E.  Hess  as  tellers 
to  canvass  the  vote  for  oflicers. 

The  report  of  Committee  B-1  on  Copper  Wire  was,  in  the  absence 
of  the  chairman,  J.  A.  Capp,  presented  by  W.  H.  Bassett.  The 
announcement  of  the  committee  that,  in  view  of  cooperative  work 
recently  started  with  the  American  Electric  Railway  Association, 
which  may  lead  to  the  preparation  of  separate  specifications  for  trolley 
wire,  the  committee  desires  at  the  next  annual  meeting  to  remove  all 
the  requirements  specifically  covering  trolley  wire  from  the  Standard 
Specifications  for  Hard-Drawn  Copper  Wire  (B  1-15),  was  received. 
It  was  voted  to  publish  the  proposed  revisions  of  the  specifications 
as  tentative  for  a  year  in  anticipation  of  the  formal  request  of  the 
committee  next  year  that  the  modifications  actually  be  made  and  the 
specifications  as  thus  revised  continued  as  the  standard  for  round 
hard-drawn  copper  wire.  The  report  of  the  committee  was,  on  motion, 
adopted. 

The  report  of  Committee  B-2  on  Non-Ferrous  Metals  and  Alloys 
was  presented  by  its  Vice-Chairman,  W.  H.  Bassett,  in  the  absence 
of  the  chairman,  William  Campbell.  The  following  actions  were 
taken  on  the  recommendations  of  the  committee: 

(11) 
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12  Summary  of  Proceedings. 

The  Tentative  Specifications  for  Pig  Lead  (B  29-20  T),  with 
revisions  recommended  in  the  report  of  the  committee,  were  continued 
as  tentative. 

The  Tentative  Specifications  for  Nickel  (B  39-21  T)  were 
referred  to  letter  ballot  of  the  Society  for  adoption  as  standard,  with 
the  inclusion  of  the  following  explanatory  footnote  recommended  by 
the  committee  in  presenting  the  report: 

"The  requirement  for  carbon  in  electrolytic  nickel  covers  both  contained 
and  mechanically  attached  carbon  from  the  starting  sheet  and  it  should  be 
recognized  that  while  lower  values  can  be  obtained  by  separating  the  cathode 
sheets  from  the  starting  sheet  and  pickling  before  drilling,  this  method  of  taking 
the  sample  is  outside  of  the  specifications." 

The  proposed  Tentative  Specifications  for  Brass  Pipe,  Standard 
Sizes;  for  Copper  Pipe,  Standard  Sizes;  and  for  Seamless  Admiralty 
Condenser  Tubes  and  Ferrule  Stock  were  accepted  for  publication  as 
tentative  standards.  A  slight  modification  of  the  section  on  strain 
test  in  the  Specifications  for  Brass  Pipe  and  for  Condenser  Tubes, 
designed  to  clarify  the  meaning,  was  offered  by  the  committee  and 
accepted. 

The  Tentative  Specifications  for  Brass  Ingot  Metal,  Graded  and 
Ungraded,  for  Sand  Castings  (B  30-21  T),  revised  as  reconmiended 
in  the  report  of  the  committee,  were  referred  to  letter  ballot  of  the 
Society  for  adoption  as  standard. 

ITie  proposed  Tentative  Methods  of  Chemical  Analysis  of  Bronze 
Bearing  Metal  and  of  Chemical  Analysis  of  Brass  Ingots  and  Sand 
Castings  were  accepted  for  publication  as  tentative  standards. 

The  Tentative  Specifications  for  Aluminum  Ingots  for  Remelting 
and  for  Rolling  (B  24-20  T),  with  revisions  reconunended  in  the 
report  of  the  committee,  were  continued  as  tentative. 

Upon  invitation  of  the  chair,  John  R.  Freeman,  Jr.,  presented 
the  data  in  the  appendix  to  the  committee's  report  on  "The  Physical 
Properties  of  the  A.S.T.M.  Tentative  Standard  White  Metal  Bearing 
AUoys.'' 

On  motion  of  Mr.  Bassett  the  report  of  Committee  B-2,  as 
amended,  was  adopted.  The  recommendation  that  the  list  of  non- 
ferrous  alloys  submitted  two  years  ago  by  the  committee  be  published 
was  referred  to  Committee  E-6  on  Papers  and  Publications.^ 

A  paper  on  "Physical  Properties  of  Some  Copper-Silicon-Alu- 
minum Alloys  when  Sand  Cast,"  by  E.  H.  Dix,  Jr.,  and  A.  J.  Lyon, 
was  presented  by  P.  D.  Merica  in  the  absence  of  the  authors. 

»  The  liat  of  alloys  referred  to  was  accepted  by  Committee  E-6  for  publication  and  appears  as 
Appendix  III  to  the  Report  of  Committee  B-2  on  Non-Ferrous  Metals  and  Alloys.   See  p.  213.— En. 
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The  report  of  Committee  A-5  on  Corrosion  of  Iron  and  Steel 
was  then  presented  by  the  acting  chairman,  J.  H.  Gibboney,  and 
adopted. 

A  paper  by  W.  D.  Bancroft  entitled  "Preliminary  Notes  on 
Corrosion"  was,  in  the  author's  absence,  presented  by  W.  M.  Corse. 
This  paper  introduced  a  discussion  on  the  topic  "Corrosion"  which 
was  participated  in  by  a  number  of  members. 

A  paper  entitled  "A  Method  for  Determining  the  Spelter  Coating 
on  Iron  and  Steel  Sheets  by  Measuring  the  Rise  in  Temperature  of 
the  Add  Employed,"  by  D.  M.  Strickland,  was  presented  by  the 
author  and  discussed. 

The  tellers  on  the  vote  for  election  of  officers  presented  their 
report,  and  in  accordance  therewith  the  President  annoimced  the 
election  of  the  following  officers: 

For  President,  to  serve  for  one  year:  G.  K.  Burgess. 

For  Vice-President,  to  serve  for  two  years:  W.  H.  Walker. 

For  Members  of  Executive  Committee,  to  serve  for  two  years: 
D.  M.  Buck,  W.  M.  Corse,  W.  K.  Hatt,  J.  R.  Onderdonk. 

The  President  requested  Past-Presidents  A.  A.  Stevenson  and 
G.  H.  Clamer  to  escort  the  President-elect  to  the  chair.  Doctor 
Burgess  expressed  his  appreciation  of  the  honor  conferred  upon  him 
by  his  election  to  the  Presidency  of  the  Society,  and  in  pledging  his 
endeavor  to  uphold  the  ideals  of  the  Society  suggested  as  a  program 
for  the  coming  year  the  desirability  of  making  our  standards  more 
generally  applicable  and  mentioned  three  opportunities  that  lie  before 
us:  the  adoption  of  our  standards  as  American  Standards  by  sub- 
mission to  the  American  Engineering  Standards  Committee,  the  exten- 
sion of  the  use  of  our  standards  for  export  trade,  and  by  making  our 
standards  available  for  the  use  of  the  Government,  which  has  recently 
organized  a  Federal  Specifications  Board  for  the  purpose  of  unifying 
specifications  for  government  purchases. 

The  Vice-President-elect,  at  the  request  of  the  President, 
addressed  the  meeting  and  expressed  his  appreciation  of  the  honor 
of  being  elected  to  the  Vice-Presidency  of  the  Society. 

The  meeting  then  adjourned  till  3  p.  M. 

Second  Session— Tuesday,  June  27,  3  p.  m. 

On  Wrought,  Cast  and  Malleable  Iron. 

Vice-President  G.  K.  Burgess  in  the  chair. 
The  report  of  Committee  A-2  on  Wrought  Iron  was  presented 
by  its  chairman,  H.  E.  Smith.    The  revisions  in  the  Standard  Speci- 
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fications  for  Welded  Wrought-Iron  Pipe  (A  72-21)  recommended  by 
the  committee  were  accepted  for  publication  as  tentative.  The  revi- 
sions recommended  by  the  committee  in  the  Standard  Specifications 
for  Wrought-Iron  Rolled  or  Forged  Blooms  and  Forgings  for  Loco- 
motives and  Cars  (A  73-18)  were  accepted  for  publication  as 
tentative. 

The  revisions  in  the  Tentative  Specifications  for  Lap-Welded  and 
Seamless  Steel  and  Lap-Welded  Iron  Boiler  Tubes  (A  83-21  T), 
affecting  requirements  for  iron  boiler  tubes  only,  as  recommended  in 
the  report  of  the  committee,  were  accepted  and  the  specifications  as 
thus  revised  continued  as  tentative. 

On  motion,  the  report  of  the  conunittee  was  adopted. 

A  paper  on  "Merchant  Bar  Iron  Made  by  the  Busheled  Scrap 
Process,"  by  W.M.Myers, was,  in  the  absence  of  the  author,  presented 
by  H.  E.  Smith. 

A  paper  by  Henry  S.  Rawdon  and  Samuel  Epstein  entitled  "  Some 
Observations  of  the  'Nick-Bend'  Test  for  Wrought  Iron,"  was  pre- 
sented by  Mr.  Rawdon  and  discussed. 

A  paper  by  William  R.  Webster  on  "The  Physics  of  Cast  Iron 
and  Its  Bearing  on  All  Cast-iron  Products  and  Specifications  for  Cast 
Iron"  was  presented  by  Richard  Moldenke  in  the  absence  of  the 
author.  The  discussion  of  this  paper  was  deferred  xmtil  the  presen- 
tation of  the  revised  Specifications  for  Foimdry  Pig  Iron  by  Committee 
A-3  on  Cast  Iron. 

The  report  of  Committee  A-3  on  Cast  Iron  was  then  presented 
by  its  chairman,  Richard  Moldenke.  The  proposed  revised  Tenta- 
tive Specifications  for  Chilled  Cast-Iron  Wheels  were  accepted  for 
publication  as  tentative  with  certain  modifications  proposed  by  the 
committee  in  presenting  its  report,  as  follows: 

Section  S  (a). — Change  the  sulfur  requirement  from  0.17  to 
0.18  per  cent. 

Section  S  (c). — Omit  this  section,  reading  as  follows: 

"It  is  desired  that  the  phosphorus  content  shall  not  exceed  0.30  per  oent." 

Section  IB. — Change  the  note  following  Section  15  of  the  speci- 
fications, from  its  present  form:  namely, 

"The  chill  and  physical  tests  specified  only  cover  33-in.  wheels  of  the 
weights  listed;  other  diameters  and  weights  shall  be  in  proportion/' 

to  read  as  follows: 

"The  chill  and  physical  tests  specified  only  cover  33-in.  wheels  of  the 
weights  listed.  Requirements  for  wheels  of  other  sizes  are  to  be  supplied  by 
the  committee.'' 
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The  committee  submitted  with  its  report  proposed  Tentative 
Specifications  for  Foimdry  Pig  Iron  designed  to  supersede  when 
adopted  the  present  standard  specifications  for  that  product.  There 
was  an  extended  discussion  of  these  specifications  in  conjunction  with 
the  p2q)er  by  Mr.  Webster,  the  discussion  having  principally  to  do 
with  the  question  of  whether  the  specifications  are  intended  to  include 
pig  iron  for  use  in  malleable  iron  and  steel  foundry  practice  as  well 
as  gray-iron  foundry  practice.  Mr.  Moldenke  moved  that  the  pro- 
posed specifications  be  accepted  for  publication  as  tentative.  A  divi- 
sion being  called  for,  the  vote  was  recorded  as  25  affirmative,  8  nega- 
tive. The  Chair  declared  the  specifications  accepted  for  publication 
as  tentative. 

The  proposed  Tentative  Specifications  for  High-Test  Gray-Iron 
Castings  were  accepted  for  publication  as  a  tentative  standard. 

On  motion,  the  report  of  the  committee  as  amended  was  adopted. 

The  report  of  Committee  A-7  on  Malleable  Castings  was  pre- 
sented by  its  chairman,  H.  E.  Diller.  The  proposed  revisions  of  the 
Standard  Specifications  for  Malleable  Castings  (A  47-19)  were 
accepted  for  publication  as  tentative,  and  the  report  was  adopted. 

The  meeting  then  adjourned  till  8.30  P.  m. 

Tbird  Session— Tuesday,  June  27,  8.30  p.  m. 
PresidetUial  Address  and  Reports  of  Administrative  Committees. 

Past-President  A.  A.  Stevenson  in  the  chair. 

The  Chair  stated  it  was  his  sad  duty  to  make  formal  annoimce- 
ment  of  the  recent  death  of  two  Past-Presidents  of  the  Society,  Henry 
M.  Howe  and  Alfred  W.  Gibbs,  of  which  the  members  had  previously 
been  advised;  and  of  the  death  of  its  Past-Vice-President  S.  S.  Voor- 
hees.  The  following  resolutions  adopted  by  the  Executive  Committee 
on  the  death  of  these  past  officers  were  read  by  the  Secretary-Treasurer, 
following  which  the  meeting  rose  in  silent  memory: 


HENRY  MARION  HOWE 

1848-1922. 


The  American  Society  for  Testing  Materials  in  annual  meeting  assembled 
desires  to  record  its  profound  sorrow  in  the  death  on  May  14,  1922,  of  its  hon- 
ored Past-President  and  Honorary  Member,  Henry  Marion  Howe. 

Foremost  among  the  metallurgists  of  the  world,  renowned  as  an  investi- 
gator and  teacher,  noted  for  his  keen  spirit  of  scientific  research  and  unusual 
ability  to  interpret  new  discoveries  and  to  formulate  theories  that  would  explain 
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16  SUMBIARY  OF  PROCEEDINGS. 

and  correlate  the  facts  that  he  and  others  had  developed,  and  gifted  with  the 
power  to  clothe  his  ideas  in  a  language  that  all  could  understand,  Henry  Ma^on 
Howe  attained  an  eminence  in  the  scientific  and  technical  world  that  is  reached 
by  but  few  men. 

It  was  only  natural  that  honors  should  come  to  this  man.  Universities, 
scientific  bodies  and  governmental  agencies  the  world  over  honored  him  for 
his  notable  achievements.  In  our  field  of  testing  the  materials  of  engineering, 
he  was  a  leader.  He  was  interested  from  its  very  inception  in  the  activities 
of  the  Society  and  contributed  greatly  to  its  development  and  progress.  As 
Vice-Chairman  of  the  American  Section  of  the  International  Association  for 
Testing  Materials  in  1898-1900  and  Chairman  in  1900-1902,  his  leadership  in 
those  days  in  our  history  of  doubt  and  imcertainty  was  instrumental  in  laying 
the  foimdations  upon  which  our  Society  has  grown.  As  President  in  1910- 
1912,  he  again  was  called  to  the  highest  office  in  the  Society.  He  was  honored 
by  the  Presidency  of  the  International  Association  for  Testing  Materials  in 
1910,  and  in  1919  he  was  made  an  Honorary  Member  of  our  Society.  He  con- 
tributed many  papers  and  discussions  at  our  annual  meetings  and  rendered 
important  service  on  our  committees,  notably  that  on  Heat  Treatment  of  Iron 
and  Steel.  In  every  way  the  Society  has  b^efited  and  been  honored  by  his 
membership. 

His  death  brings  a  deep  sense  of  personal  loss  to  all  who  were  privileged 
to  know  him  and  appreciate  the  broad  humanness  of  his  character.  The  Society 
mourns  the  loss  of  so  distinguished  and  honored  a  member  and  extends  its 
heartfelt  sympathy  to  his  family. 


ALFRED  W.  GIBBS 

1856-1922. 

The  American  Society  for  Testing  Materials  in  annual  meeting  assembled 
wishes  to  place  on  record  its  great  loss  in  the  death  of  its  esteemed  Past- 
President,  Alfred  W.  Gibbs,  on  May  19,  1922. 

A  member  of  the  Society  since  its  incorporation  in  1902,  Mr.  Gibbs  took 
an  active  interest  in  Society  affairs.  He  was  associated  with  raihx)ad  work 
continously  from  1878,  when  he  graduated  from  Stevens  Institute  of  Tech- 
nology, till  his  death.  He  rose  high  in  his  chosen  profession,  having  been 
Chief  Mechanical  Engineer  of  the  Pennsylvania  System  for  the  past  eleven 
years.  Prom  his  wealth  of  experience  in  this  field  he  contributed  much  of  value 
to  the  committee  work  of  the  Society,  notably  in  the  discussion  of  specifications 
for  steel  for  tank  cars,  upon  which  he  was  probably  the  leading  authority  in 
this  country,  and  in  the  activities  of  our  committees  on  Cast  Iron  and  Coal. 
For  a  period  of  six  years  he  served  ably  in  the  executive  coimcils  of  the  Society— 
as  Vice-President  in  1912-14,  as  President  in  1914-15,  and  for  the  next  three 
years  as  Past-President.  A  notable  service  in  recent  years,  which  extended  to 
the  day  of  his  death  and  which  kept  him  in  close  touch  with  Society  affairs,  was 
his  work  as  one  of  the  Society's  representatives  on  the  American  Engineering 
Standards  Committee,  where  his  knowledge  of  railway  standardization  work 
and  his  ability  and  sound  iudnneot  were  of  inestimable  value  to  oiir  Snri^tv 
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The  rugged  simplicity  and  honesty  of  his  character  and  the  charm  and 
kindliness  of  his  nature  endeared  him  to  all  who  knew  him.  We  of  the  Society 
mourn  the  loss  of  so  worthy  a  member  and  extend  our  heartfelt  sympathy  to 
his  family. 


SAMUEL  STOCKTON  VOORHEES 

1867-1921. 

The  Executive  Committee  of  the  American  Society  for  Testing  Materials 
learns  with  profound  sorrow  of  the  death,  on  September  23, 1921,  of  one  of  the 
most  active  and  beloved  members  of  the  Society,  Samuel  Stockton  Voorhees. 
A  member  since  the  Society  was  incorporated  in  1902,  he  served  in  many  capaci- 
ties; for  ten  years  as  chairman  of  the  Committee  on  Preservative  Coatings, 
and  from  1914  as  chairman  of  the  Committee  on  Corrosion  of  Iron  and  Steel. 
He  was  a  member  of  the  Executive  Committee  from  1914  to  1916  and  Vice- 
President  of  the  Society  from  1916  to  1918.  During  the  entire  period  of  his 
Society  activities  he  was  in  the  service  of  the  Government  in  various  capacities 
as  engineer  and  chemist,  where  he  has  left  a  notable  record  of  achievement. 

His  loyal  service  to  the  Society  and  the  charm  and  kindliness  of  his  person- 
ality have  left  a  deep  and  lasting  imprint  upon  the  work  of  the  American  Society 
for  Testing  Materials. 

Resolved^  that  this  Minute  be  recorded  in  the  Minutes  of  the  Executive 
Committee,  and  that  copies  be  transmitted  to  Mrs.  Voorhees  and  the  U.  S. 
Bureau  of  Standards. 


The  Chair  then  introduced  President  C.  D.  Young,  who  pre- 
sented the  annual  Presidential  Address  entitled  "A  Quarter  Century 
of  Progress." 

The  Secretary-Treasurer  presented  the  annual  report  of  the  Execu- 
tive Committee.  The  proposed  revision  of  Article  VI,  Section  1,  of 
the  By-laws  consisting  of  the  omission  of  the  words  "Standard  Tests" 
in  the  first  sentence  of  Section  1 :  namely, 

"The  term  *  Standards'  shall  be  applied  collectively  to  stand- 
ard specifications,  [standard  tests,]  standard  methods  and  standard 
definitions," 

was  referred  to  letter  ballot  vote  of  the  membership. 

On  motion,  the  report  of  the  Executive  Committee  was  adopted. 

Tie  report  of  Committee  E-5  on  Standing  Committees  was  pre- 
sented by  its  chairman,  C.  L.  Warwick,  and  adopted. 

The  report  of  Conunittee  E-6  on  Papers  and  Publications  was 
presented  by  its  chairman,  C.  L.  Warwick,  and  adopted. 

The  meeting  then  adjourned  till  the  following  morning,  and  was 
followed  by  an  informal  dance  and  smoker. 
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Fourth  Session,  Wednesday,  June  28,  9.30  a.  m. 
On  Steel 

Vice-President  GuiUiaem  Aertsen  in  the  chair. 

The  report  of  Committee  A-1  on  Steel  was  presented  by  F.  M. 
Waring,  chairman.  Because  of  the  lack  of  agreement  that  developed 
in  the  committee  regarding  the  advisability  of  submitting  certain 
revisions  in  tables  of  permissible  variations  and  over-weights  of  plates, 
the  committee  withdrew  the  proposed  revisions  in  its  report  as  pre- 
printed covering  the  following  standards  and  tentative  standards: 

Standard  Specifications  for: 

Structural  Steel  for  Bridges  (A  7  -  21) ; 

Structural  Nick^el  Steel  (A  8  -  21); 

Structural  Steel  for  Buildings  (A  9  -  21) ; 

Structural  Steel  for  Locomotives  (A  10  -  21); 

Structural  Steel  for  Cars  (A  1 1  -  21) ; 

Boiler  and  Firebox  Steel  for  Locomotives  (A  30  -  21). 

Tentative  Specifications  for: 
Boiler  and  Firebox  Steel  for  Stationary  Service  (A  70  -  21  T) ; 
Steel  Plates  for  Forge  Welding  (A  78  -  21  T). 

The  proposed  revisions  of  the  following  standard  specifications 
were  accepted  for  publication  as  tentative: 

Steel  Track  Spikes  (A  65  -  18); 

Lap- Welded  and  Seamless  Steel  Boiler  Tubes  for  Locomotives 

(A  28 -21); 
Welded  and  Seamless  Steel  Pipe  (A  53  -  21) ; 
Automobile  Carbon  and  Alloy  Steels  (A  29  --  21). 

In  the  latter  specification,  a  correction  in  Table  I  changing  the 
desired  percentage  of  carbon,  fourth  line,  from  0.45  to  0.46  per  cent, 
was  made. 

The  proposed  Tentative  Methods  of  Chemical  Analysis  of  Plain 
Carbon  Steel  and  of  Chemical  Analysis  of  Alloy  Steels  were  accepted 
for  publication  as  tentative  standards,  with  the  understanding  that 
when  adopted  as  standard  they  will  supersede  the  present  standard 
methods  of  the  same  titles. 

The  chairman  stated  that  the  ladle  test  ingot  investigation  men- 
tioned in  the  report  has  since  been  completed  and  copies  of  the  report 
will  be  sent  to  the  members  of  the  committee  for  consideration  at  the 
next  meeting. 
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The  chairman  then  summarized  briefly  the  joint  activities  of  the 
committee  with  a  committee  of  the  American  Railway  Association 
which  had  resulted  in  the  preparation  of  proposed  Tentative  Speci- 
fications for  Carbon-Steel  Castings  for  Railroads.  These  specifica- 
tions were  discussed  jointly  with  the  paper  by  Lawford  H.  Fry  entitled 
"Tensile  Properties  of  Steel  Castings,"  which  was  then  presented  by 
the  author.  Following  the  discussion,  the  proposed  tentative  speci- 
fications were  accepted  for  publication  as  a  tentative  standard,  and 
the  report  of  Committee  A-1,  as  amended,  was  adopted. 

The  preliminary  report  of  the  Joint  Committee  on  Investigation 
of  the  Effect  of  Phosphorus  and  Sulfur  in  Steel  on  "Effect  of  Sulfur 
on  Rivet  Steel"  was  presented  by  the  chairman  of  the  Joint  Committee, 
G.  K.  Burgess,  and  discussed. 

The  report  of  Committee  A-4  on  Heat  Treatment  of  Iron  and 
Steel  was  presented  by  the  secretary,  J.  H.  Hall,  in  the  absence  of 
the  chairman,  H.  M.  Boylston.  The  proposed  Recommended  Practice 
for  Heat  Treatment  of  Carbon-Steel  Castings  was  accepted  for  publi- 
cation as  a  tentative  standard,  with  the  imderstanding  that  when 
adopted  as  standard  it  would  supersede  the  present  Recommended 
Practice  for  Annealing  of  Carbon-Steel  Castings  (A  36  -  14). 

A  paper  by  T.  Spooner  and  I.  F.  Kinnard  on  "Electrical  and 
Magnetic  Weld  Testing  as  Applied  to  Butt-Welded  Steel  Plates"  was 
presented  by  Mr.  Spooner. 

The  meeting  then  adjourned  till  8  p.  M. 


Fifth  Session — ^Wednesday,  June  28,  8  p.  m. 
Symposium  on  Impact  Testing  of  Materials, 

President  C-  D.  Yoimg  in  the  chair. 

The  chair  called  on  T.  D.  Lynch,  chairman  of  the  special  com- 
mittee that  had  developed  the  Symposium,  to  introduce  the  discus- 
sion. Following  Mr.  Lynch's  remarks,  H.  L.  Whittemore  presented 
a  "Resume  of  Impact  Testing  of  Materials,  with  Bibliography." 
This  was  followed  by  a  discussion  of  the  subject  "Machines  and  Test 
Specimens  Used  in  Impact  Testing,"  introduced  by  the  following 
papers  which  were  presented  by  their  authors: 

"Impact  Tests  of  Metals,"  by  D.  J.  McAdam,  Jr.; 
"Impact  Tests  of  Wood,"  by  Thomas  R.  C.  Wilson; 
"Impact  Tests  of  Road  Materials,"  by  Earl  B.  Smith. 

The  subject  of  "Standardization  of  Machines  and  Specimens  for 
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Notched  Bar  Impact  Tests  of  Metals"  was  discussed  in  the  following 
two  papers  presented  by  their  authors: 

"Resum6  of  American  Practice  in  Notched  Bar  Impact  Tests  of 

Metals/'  by  C.  L.  Warwick. 
"A  Review  of  the  Work  on  Impact  Testing  done  by  the  British 

Engineering  Standards  Association,"  by  T.  D.  Lynch. 
A  discussion  on  "The  Measurement  of  Impact"  was  introduced 
by  the  following  papers: 

"Measurement  of  Pressures  Caused  by- Impact,"  by  C.  E.  Mar- 

gerum,  presented  by  C.  L.  Warwick. 
"Measuring  Forces  in  Impact,"  by  Armin  £lmendorf,  presented 

by  T.  R.  C.  Wilson. 
"Measurement  of  the  Force  of  Impact  by  Means  of  the  Elastic 

Stretch  of  a  Steel  Bar,"  by  H.  F.  Moore,  presented  by  the 

author. 

A  paper  by  F.  C.  Langenberg  and  N.  Richardson  on  the  "Sig- 
nificance of  the  Impact  Test"  was  then  presented  by  Mr.  Langenberg, 
following  which  was  a  general  discussion  of  the  entire  subject. 

The  meeting  then  adjourned  till  the  following  morning. 

Sixth  Session—Thursday,  June  29,  9.30  a.  m. 
On  Fatigue  of  Metals,  Methods  of  Testing  and  Nomenclature. 

Past-President  G.  H.  Clamer  in  the  chair. 

A  paper  by  H.  F.  Moore,  J.  B.  Kommers  and  T.  M.  Jasper  entitled 
"Fatigue  or  Progressive  Failure  of  Metals  imder  Repeated  Stress" 
was  presented  by  Mr.  Moore  in  conjimction  with  an  exhibit  of  certain 
of  the  fatigue  testing  machines  that  were  developed  in  the  Joint  Inves- 
tigation of  the  Fatigue  of  Metals  under  the  auspices  of  the  National 
Research  Council,  Engineering  Foundation,  the  General  Electric  Co. 
and  the  Engineering  Experiment  Station  of  the  University  of  Illinois. 
The  paper  was  extensively  discussed,  the  discussion  being  closed  by 
Mr.  Jasper. 

A  paper  by  Fred  E.  Foss  and  R.  C.  Brumfield  on  "  Some  Measure- 
ments of  the  Shape  of  Brinell  Ball  Indentation,"  was,  in  the  absence 
of  the  authors,  presented  by  title,  following  a  brief  explanatory  state- 
ment by  A.  E.  Bellis,  chairman  of  the  National  Research  Council  Com- 
mittee on  Hardness  Testing  of  Metals. 

The  report  of  Committee  E-I  on  Methods  of  Testing  was,  in  the 
absence  of  the  chairman,  J.  A.  Capp,  presented  by  the  vice-chairman, 
H.  F.  Moore.     After  discussion,  the  report  was  adopted,  including 
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the  recommendation  that  the  Suggested  Defioitions  Relating  to 
Methods  of  Testing  and  the  Suggested  Methods  for  Verification  of 
Testing  Machines  be  published  in  the  Proceedings  for  information. 

The  report  of  Committee  C-5  on  Fireproofing  was  presented  by 
its  chairman,  Ira  H.  Woolson.  Proposed  revisions  in  the  Standard 
Specifications  for  Fire  Tests  of  Materials  and  Construction  (C  19  -  18), 
with  certain  corrections  that  had  been  adopted  subsequent  to  the  pre- 
printing of  the  committee's  report,  were  accepted  for  publication  as 
tentative. 

The  committee  also  recommended  that  in  view  of  the  fact  that 
the  Standard  Specifications  for  Fire  Tests  of  Materials  and  Construc- 
tion had  been  approved  as  "Tentative  American  Standard"  by  the 
American  Engineering  Standards  Committee,  the  Executive  Com- 
mittee of  the  Society  present  these  suggested  amendments  to  the 
Standards  Committee  for  consideration,  with  the  request  that  the 
American  Society  for  Testing  Materials  be  appointed  as  the  sponsor 
body  for  the  purpose  of  coordinating  all  interests  in  this  subject  and 
for  further  developing  these  amendments.  On  motion,  this  recon*- 
mendation  was  referred  to  the  Executive  Committee,  and  the  report 
of  the  committee,  as  amended,  was  adopted. 

W.  H.  Fulweiler,  chairman  of  Committee  D-15  on  Thermometers, 
then  stated  for  the  committee  that  inasmuch  as  it  had  been  found 
impossible  to  include  at  this  time  essential  data  required  to  be  inserted 
in  the  three  proposed  tentative  specifications  for  partial  ijnmersion 
thermometers  appended  to  its  preprinted  report,  the  committee  had 
determined  to  withdraw  its  proposed  report. 

The  report  of  Committee  E-8  on  Nomenclature  and  Definitions 
was  presented  by  its  chairman,  Cloyd  M.  Chapman,  and  on  motion 
was  adopted. 

The  meeting  then  adjourned' till  3  p.  m. 

Seventh  Session — ^Thursday,  June  29,  3  p.  m. 
On  Coal,  Coke,  Timber  and  Skipping  Containers. 

Vice-President  Guilliaein  Aertsen  in  the  chair. 

The  report  of  Committee  D-5  on  Coal  was  presented  by  its  chair- 
man, A.  C.  Fieldner.  In  view  of  the  further  work  that  is  planned  in 
the  study  of  fusibility  of  coal  ash,  the  recommendation  of  the  committee 
tha^  the  Tentative  Method  of  Test  for  Fusibility  of  Coal  Ash  (D  22  - 
19  T)  be  continued  as  tentative,  with  minor  revisions  as  outlined  in 
the  committee's  rqxjrt,  was  approved.  The  proposed  revisions  of 
the  Standard  Methods  for  Laboratory  Sampling  and  Analysis  of  Coal 
(D  22  -  21)  were  accepted  for  publication  as  tentative. 
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The  proposed  Tentative  Definitions  of  Terms  Relating  to  Coal 
were  accepted  for  publication  as  a  tentative  standard. 

The  chairman  announced  certain  slight  amendments  in  the  word- 
ing of  the  report,  and  the  report  as  thus  amended  was,  on  motion, 
adopted. 

The  following  papers  were  then  presented  by  their  respective 
authors: 

"Forms  of  Specifications  for  Purchasing  Coal,"  by  Hubb  Bell. 
"A  Rational  Basis  for  Coal  Purchase  Specifications,"  by  E.  B. 
Ricketts. 

Following  the  presentation  of  these  papers,  a  discussion  on 
"Specifications  for  Coal"  was  formally  opened  by  O.  P.  Hood  and 
W.  D.  Barrington. 

The  report  of  Committee  D-6  on  Coke  was  presented  by  its 
secretary,  A.  C.  Fieldner,  in  the  absence  of  the  chairman,  Richard 
Moldenke.  The  proposed  Tentative  Method  of  Shatter  Test  for  Coke 
was  accepted  for  publication  as  a  tentative  standard. 

The  proposed  revisions  of  the  Standard  Methods  of  Laboratory 
Sampling  and  Analysis  of  Coke  (D  37-21)  were  accepted  for  publi- 
cation as  tentative. 

On  motion,  the  report  of  the  committee  was  adopted. 

Mr.  Fieldner  then  announced  on  behalf  of  Committees  D-5  on 
Coal  and  D-6  on  Coke  that  at  their  respective  meetings  held  during 
the  annual  meeting  resolutions  had  been  adopted  reconunending  to 
the  Executive  Committee  that  the  two  committees  be  consolidated 
into  one  committee  in  consideration  of  the  fact  that  the  subjects 
under  their  consideration  are  closely  allied  and  that  the  membership 
of  the  two  committees  is  largely  the  same. 

The  report  of  Committee  D-7  on  Timber  was  presented  in  the 
absence  of  the  chairman,  Hermann  von  Schrenk,  by  T.  R.  C.  Wilson. 
The  proposed  Tentative  Methods  of  Testing  Small  Clear  Specimens 
of  Timber  were  accepted  for  publication  as  a  tentative  standard  and 
the  report  of  the  committee  was  adopted. 

The  report  of  Committee  D-IO  on  Shipping  Containers  was  pre- 
sented by  its  secretary,  T.  R.  C.  Wilson,  in  the  absence  of  the  chair- 
man, J.  A.  Newlin.  The  Tentative  General  Specifications  for  Wooden 
Boxes,  Nailed  and  Lock-Comer  Construction  (D  68  -  20  T)  were  con- 
tinued as  tentative  in  the  proposed  revised  form  as  indicated  in  the 
report  of  the  committee.  The  report  of  the  committee  was  then 
adopted. 

The  meeting  then  adjourned  till  8  p.  m. 
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Eighth  Session — ^Thursday,  June  29,  8  p.  m. 

Oft  Concrete  Aggregates,  Road  Materials  and  Waterproofing, 

(Held  simultaneously  with  the  Ninth  Session.) 

Past-President  G.  S.  Webster  in  the  chair. 

A  paper  by  R.  W.  Cnim  on  "The  Use  of  Excess  Sand  and  Pit- 
Run  Gravel  in  Concrete  Pavements"  was  presented  by  the  author  and 
discussed. 

The  report  of  Committee  C-9  on  Concrete  and  Concrete  Aggre- 
gates, A.  T.  Goldbeck,  chairman,  was  presented  by  the  secretary, 
J.  C.  Pearson.  The  proposed  Tentative  Method  of  Decantation  Test 
for  Sand  and  Other  Fine  Aggregates  was  accepted  for  publication  as 
a  tentative  standard. 

The  following  tentative  standards  were  referred  to  letter  ballot 
of  the  Society  for  adoption  as  standard: 

Tentative  Method  of  Test  for  Voids  in  Fine  Aggregate  for  Con- 
crete (C  30-20  T); 

Tentative  Method  of  Test  for  Organic  Impurities  in  Sands  for 
Concrete  (C  40-21  T); 

Tentative  Method  of  Test  for  Sieve  Analysis  of  Aggregates  for 
Concrete  (C  41- 21  T). 

On  motion,  the  report  of  the  committee  was  adopted. 
The  following  papers  were  then  presented  by  their  respective 
authors  and  discussed: 

"Physical  Properties  of  Subgrade  Materials,"  by  J.  R.  Boyd. 
"An  Impact  Test  for  Gravel,"  by  F.  H.  Jackson. 

The  report  of  Committee  D-4  on  Road  and  Paving  Materials 
was  presented  in  the  absence  of  the  chairman,  A.  H.  Blanchard,  by 
C.  N.  Forrest.  The  following  action  was  taken  on  the  recommenda- 
tions of  the  committee: 

The  proposed  revision  in  the  Standard  Method  of  Test  for  Soften- 
ing Point  of  Bituminous  Materials  Other  Than  Tar  Products  (Ring- 
and-Ball  Method)  (D  36-21)  correcting  an  error  which  was  discovered 
in  the  description  of  the  apparatus,  was  referred  to  letter  ballot  of 
the  Society. 

The  Tentative  Specifications  for  Block  for  Granite  Block  Pave- 
ments (D  59-  19  T),  amended  as  recommended  in  the  report  of  the 
committee,  were  referred  to  letter  ballot  of  the  Society  for  adoption 
as  standard. 

The  Tentative  Methods  of  Sampling  Stone,  Slag,  Gravel,  Sand 
and  Stone  Block  for  Use  as  Highway  Materials,  including  some 
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Material  Survey  Methods  (D  75  -  20  T)  were  referred  to  letter  ballot 
of  the  Society  for  adoption  as  standard. 

The  committee  reported  that  it  had  concurred  with  Committee 
C-9  in  the  above-mentioned  recommendation  that  the  proposed  Ten- 
tative Method  of  Decantation  Test  for  Sand  and  Other  Fine  Aggre- 
gates be  published  as  tentative,  with  the  understanding  that  when 
adopted  as  standard  it  will  supersede  the  present  Standard  Method 
of  Test  for  Quantity  of  Clay  and  Silt  in  Sand  for  Highway  Construc- 
tion (D  74-21). 

The  recommendation  of  the  committee  that  the  present  Tenta- 
tive Specifications  for  Workability  of  Concrete  for  Concrete  Pave- 
ments (D  62-20  T)  be  withdrawn  and  replaced  by  the  proposed 
Tentative  Method  of  Test  for  Consistency  of  Portland-Cement  Con- 
crete for  Pavements  or  for  Pavement  Base,  was  approved  and  the 
latter  Method  accepted  for  publication  as  a  tentative  standard. 

The  following  tentative  standards,  with  revisions  recommended 
in  the  report  of  the  committee,  were  continued  as  tentative: 

Tentative  Specifications  for: 
Coal-Tar  Pitch  for  Block  Filler  (D  1 12  -  21  T) ; 
Calcium  Chloride  for  Dust  Prevention  (D  98  -  21  T); 
Asphalt  Cement,  40  to  50  Penetration  (D  99  -  21  T); 
Asphalt  Cement,  50  to  60  Penetration  (D  100  -  21  T) ; 
Asphalt  Cement,  60  to  70  Penetration  (D  101  -  21  T); 
Asphalt  Cement,  70  to  90  Penetration  (D  102  -  21  T) ; 
Asphalt  Cement,  90  to  120  Penetration  (D  103  -  21  T). 

Tentative  Method: 
Of  Test  for  Ductility  of  Bituminous  Materials  (D  113  -  21  T). 

The  following  proposed  tentative  specifications  and  methods 
were  accepted  for  publication  as  tentative  standards: 

Specifications  for: 
Block  for  Recut  Granite  Block  Pavements. 
Block  for  Duraz  Granite  Pavements. 
Asphalt  Cement,  120  to  150  Penetration,  for  Use  in  Asphalt 

Macadam  Pavements. 
Asphalt  Cement,  10  to  15  Penetration,  for  the  Manufacture  of 

Asphalt  Block. 
Asphalt  Cement,  15  to  25  Penetration,  for  the  Manxxfacture  of 

Asphalt  Block. 
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Methods  of: 

Mechanical  Analysis  of  Subgrade  Soils,  with  the  correction 
recommended  by  the  committee  that  the  word  "ultra- 
clay"  be  changed  to  "suspension"  clay  in  all  cases. 

Float  Test  for  Bituminous  Road  Materials,  with  the  correction 
of  certain  typographical  errors  and  the  addition  of  certain 
essential  dimensions  in  the  illustration  of  the  apparatus. 

Sampling  Bituminous  Materials. 

On  motion,  the  report  of  the  committee  as  amended  was  adopted. 

The  report  of  Committee  D-8  on  Waterproofing  Materials  was  pre- 
sented by  C.  N.  Forrest,  vice-chairman.  The  proposed  Tentaitive  Speci- 
fications for  Asphalt  for  Use  in  Damp-proofing  and  Waterproofing 
below  Groimd  Level  and  for  Asphalt  for  Use  in  Damp-proofing  and 
Waterproofing  above  Ground  Level  were  accepted  for  publication  as 
tentative  standards,  to  supersede  the  present  Tentative  Specifications 
for  Asphalt  for  Use  in  Damp-proofing  and  Waterproofing  (D  40  -  1 7  T) . 
Likewise,  the  proposed  Tentative  Specifications  for  Coal-Tar  Pitch 
for  Use  in  Damp-proofing  and  Waterproofing  below  Ground  Level 
and  for  Coal-Tar  Pitch  for  Use  in  Damp-proofing  and  Waterproofing 
above  Ground  Level  were  accepted  for  publication  as  tentative 
standards,  to  supersede  the  present  Tentative  Specifications  for  Coal- 
Tar  Pitch  for  Use  in  Damp-proofing  and  Waterproofing  (D  42  -  17  T). 

The  Tentative  Specifications  for  Primer  for  Use  with  Asphalt  for 
Use  in  Damp-proofing  and  Waterproofing  (D  41  -  17  T)  and  for  Creo- 
sote Oil  for  Priming  Coat  with  Coal-Tar  Pitch  for  Use  in  Damp- 
proofing  and  Waterproofing  (D  43  -  17  T),  with  revisions  recommended 
in  the  report  of  the  committee,  were  continued  as  tentative. 

The  proposed  Tentative  Methods  of  Testing  Felted  and  Woven 
Fabrics  Saturated  with  Bituminous  Substances  for  Use  in  Waterproof- 
ing, with  certain  minor  modifications  and  a  rearrangement  of  Section 
16,  were  accepted  for  publication  as  a  tentative  standard. 

The  proposed  Tentative  Methods  of  Testing  Bituminous  Mastics, 
Grouts  and  Like  Mixtures  were  accepted  for  publication  as  a  tentative 
standard. 

The  proposed  Tentative  Method  of  Sampling  Bituminous  Mate- 
rials Shipped  in  Barrels  or  Drums  was  accepted  for  publication  as  a 
tentative  standard,  with  the  following  correction  recommended  by 
the  committee  in  presenting  the  report: 

Section  5.    Change  from  its  present  form:  namely, 

"By  means  of  an  augur,  or  brace  and  f-in.  bit,  or  other  suitable  means, 
a  i  to  Hb.  aami^e  shall  be  removed  from  the  top,  bottom  and  center  of  each 
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package  selected,  care  being  taken  to  avoid  contamination  with  superficial 
water,  wooden  slivers,  or  other  foreign  matter." 

to  read  as  follows: 

''By  means  of  an  augur,  or  brace  and  }-in.  bit,  or  other  suitable  means, 
a  }  to  i-lb.  sample  shall  be  removed  from  the  center  and  from  two  points  at 
least  3  in.  from  the  top,  bottom  and  side  of  each  package  selected,  care  being 
taken  to  avoid  contamination  with  superficial  water,  wooden  slivers,  or  other 
foreign  matter." 

Mr.  Forrest  stated  that  the  committee  would  confer  during  the 
year  with  Committee  D-4  on  Road  and  Paving  Materials  for  the 
purpose  of  harmonizing  the  methods  of  sampling  bituminous  materials 
that  had  been  proposed  separately  by  the  two  committees  at  this 
annual  meeting. 

On  motion,  the  report  as  amended  was  adopted. 

The  meeting  then  adjourned  till  the  following  morning. 

Ninth  Session — ^Thursday,  June  29,  8  p.  m.  "     , 

On  Preservative  Coatings, 
(Held  sitntdtaneausly  with  the  Eighth  Session) 

Gustave  W.  Thompson  in  the  chair. 

The  report  of  Committee  D-1  on  Preservative  Coatings  for  Struc- 
tural Materials  was  presented  by  the  chairman,  Allen  Rogers.  The 
proposed  Tentative  Specifications  for  Soya  Bean  Oil,  Raw  or  Refined, 
and  the  proposed  Tentative  Specifications  for  Perilla  Oil,  Raw  or 
Refined,  were  accepted  for  publication  as  tentative  standards. 

The  proposed  Tentative  Specifications  for  Raw  Tung  Oil  were 
accepted  for  publication  as  a  tentative  standard,  with  the  understand- 
ing that  when  adopted  as  standard  they  will  supersede  the  present 
Standard  Specifications  for  Purity  of  Raw  Timg  Oil  (D  12-16). 

The  proposed  revised  Tentative  Definitions  of  Terms  Relating 
to  Paint  Specifications  (D  16-21  T)  were  referred  to  letter  ballot 
of  the  Society  for  adoption  as  standard  to  be  added  to  the  present 
Standard  Definitions  of  Terms  Relating  to  Paint  Specifications  (D  16  - 
15)  when  the  Book  of  A.S.T.M.  Standards  is  next  published. 

The  proposed  Tentative  Methods  of  Routine  Analysis  of  Yellow 
and  Orange  Pigments  Containing  Chromium  Compounds,  Blue  Pig- 
ments and  Chrome  Green,  were  accepted  for  publication  as  a  tentative 
standard. 

The  committee  withdrew  the  report  of  its  Sub-Committee  XV  on 
Specifications  for  Pigments,  which  included  certain  proposed  revisions 
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of  existing  tentative  specifications  for  pigments  and  certain  new  ten- 
tative specifications  for  pigments. 

The  reports  of  Sub-Committees  XXII  on  Method  of  Application 
of  Paint  by  Spraying  and  XXIII  on  Anti-Fonling  Paints  were  pre- 
sented by  their  respective  chairmen,  R.  E.  Rogers  and  A.  M.  Mucken- 
fuss;  and  on  motion  the  report  of  the  committee  as  amended  was 
adopted. 

The  following  papers  were  then  presented  and  discussed: 

"Relation  of  Yield  Value  and  Mobility  of  Paints  to  Their  So- 
Called  Painting  Consistency,"  by  J.  E.  Booge,  E.  C.  Bingham, 
and  H.  D.  Bruce,  presented  by  Mr.  Bingham. 

"Some  Physical  Properties  of  Paints,"  by  P.  H.  Walker  and 
J.  G.  Thompson,  presented  by  Mr.  Thompson. 

"Accelerated  Weathering  of  Paints  on  Wood  and  Metal  Surfaces," 
by  Harley  A.  Nelson,  presented  by  the  author. 

"An  Analysis  and  Comparison  of  Systems  of  Color  Measurement 
and  Some  Notes  on  Interchangeability  in  Color  Measure- 
ment," by  H.  S.  Busby,  presented  by  the  author. 

"An  Application  of  the  Pfund  Colorimeter  to  the  Determination 
of  Tinting  Strength  of  White  Pigments,"  by  J.  H.  Calbeck 
and  C.  P.  Olander,  presented  by  Mr.  Calbeck. 

"Hiding  Power  of  White  Pigments,"  by  R.  L.  Hallett,  presented 
by  the  author. 

The  meeting  then  adjourned  till  the  following  morning. 


Tenth  Session — Friday,  June  30,  9.30  a.  m. 

On  Lime,  Gypsum  and  Ceramics. 

(Held  simultaneously  with  the  Eleventh  Session.) 

President  C.  D.  Young  in  the  chair. 

The  repKjrt  of  Committee  C-7  on  Lime  was  presented  by  the  chair- 
man, H.  C.  Berry.  The  proposed  revised  Tentative  Specifications  for 
Quicklime  for  Structural  Purposes  (C  5-21  T)  and  for  Hydrated 
Lime  for  Structural  Purposes  (C  6  -  21  T),  with  revisions  recommended 
in  the  report  of  the  committee,  were  continued  as  tentative.  Certain 
minor  modifications  in  the  latter  specifications  intended  to  clarify  the 
meaning  were  proposed  by  the  committee  and  accepted. 

The  following  proposed  tentative  specifications  were  accepted  for 
publication  as  tentative  standards,  with  minor  typographical 
corrections: 
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Specifications  jot: 
Quicklime  and  Hydrated  Lime  for  Use  in  the  Cooking  of  Rags 

for  the  Manufacture  of  Paper; 
Quicklime  and  Hydrated  Lime  for  Use  in  the  Manufacture  of 

Sulfite  Pulp; 
Hydrated  Lime  for  the  Manufacture  of  Varnish; 
Quicklime  and  Hydrated  Lime  for  Use  in  the  Textile  Industry; 
Quicklime  and  Hydrated  Lime  for  the  Manufacture  of  Silica 

Brick. 

The  proposed  Tentative  Methods  of  Sampling,  Inspection,  Pack- ' 
ing  and  Marking  of  Quicklime  and  Lime  Products,  and  the  proposed 
Tentative  Definitions  of  Terms  Relating  to  Lime  were  accepted  for 
publication  as  tentative  standards. 

The  proposed  Tentative  Method  for  Determination  of  Available 
Lime  in  Quicklime  and  Hydrated  Lime  was  accepted  for  publication 
as  tentative  as  an  integral  part  of  the  present  Tentative  Methods  of 
Chemical  Analysis  of  Limestone,  Lime  and  Hydrated  Lime 
(C25-21T). 

An  appendix  to  thfe  report,  discussing  effect  of  hydrated  lime  in 
Portland  cement  concrete,  was  presented  in  the  form  of  papers  by 
the  following  members  of  the  committee:  H.  F.  Clemmer  (represented 
by  F.  Burggraff),  W.  E.  Emley,  T.  B.  Shertzer  and  H.  C.  Berry. 

On  motion,  the  report  of  the  committee,  as  amended  and  includ- 
ing the  appendix,  was  adopted. 

The  report  of  Committee  C-11  on  Gypsum  was  presented  by 
W.  E.  Emley,  chairman.  The  Tentative  Specifications  for  Gypsum 
(C  22  -  21  T),  with  revisions  recommended  in  the  report  of  the  com- 
mittee, were  continued  as  tentative. 

The  Tentative  Specifications  for  Calcined  Gypsum  (C  23  -  21  T), 
with  revisions  recommended  in  the  report  of  the  conunittee,  were 
referred  to  letter  ballot  of  the  Society  for  adoption  as  standard. 

The  proposed  revisions-  of  the  Tentative  Specifications  for  Gyp- 
sum Wall  Board  (C  36  -  21  T)  and  of  the  Tentative  Specifications  for 
Gypsum  Plaster  Board  (C  37-21  T),  in  the  form  of  proposed  new 
specifications,  were  accepted  for  publication  as  tentative. 

The  Tentative  Definitions  of  Terms  Relating  to  the  Gypsum 
Industry  (C  11-21  T),  with  revisions  reconmiended  in  the  report  of 
the  committee,  were  continued  as  tentative. 

An  appendix  to  the  report  of  the  committee  in  the  form  of  a 
paper  by  J.  M.  Porter  entitled  "Gypsmn  Plaster  and  Wall  Boards" 
was  presented  by  title  by  the  chairman,  with  the  explanation  that  it 
had  furnished  the  basis  for  the  revision  in  the  Specifications  for  Wall 
Board  and  Plaster  Board. 
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.  On  motion,  the  report,  including  the  appendix,  was  adopted. 
The  report  of  Committee  C-4  on  Clay  and  Cement  Sewer  Pipe 
was  presented  by  the  vice-chairman,  A.  J.  Provost,  Jr.,  in  the  absence 
of  the  chairman,  Rudolph  Hering.  The  committee  presented  an 
addendimi  to  its  report,  comprising  proposed  revisions  in  the  Standard 
Specifications  for  Clay  Sewer  Pipe  (C  13  -  20)  and  for  Cement- 
Concrete  Sewer  Pipe  (C  14  -  20)  agreed  upon  by  imam'mous  action 
at  a  meeting  held  during  the  annual  meeting,  at  which  18  of  the  27 
members  were  present.  These  revisions,  which  are  identical  in  the 
two  specifications,  are  as  follows: 

Section  6. — Omit  the  last  sentence.  Add  to  the  preceding  sen- 
tence the  words  "except  that  in  no  case  shall  the  niunber  of  specimens 
furnished  be  less  than  five." 

Section  7. — ^Insert  after  the  word  "test"  in  the  seventh  line,  the 
words  "without  charge."  Omit  the  words  "without  charge"  in  the 
eighth  Ime  and  substitute  the  words  "to  be  selected  as  specified  in 
Section  6."    Add  a  new  paragraph  to  read  as  follows: 

"In  addition  to  the  foregoing  reqtdrements,  failure  of  individual  spedmens 
to  develop  75  per  cent  of  the  average  crushing  strength  requirements  shall  be 
cause  for  rejection  of  the  shipment,  but  the  seller  may  cull  the  pipe  and  submit 
the  balance  of  the  shipment  for  re-test,  and,  if  the  shipment  then  passes  all 
of  the  requirements  of  these  specifications,  it  shall  be  accepted.'' 

Section  11. — Omit  the  portion  of  the  last  sentence  reading  as 
follows: 
''and  by  then  multiplying  the  quotient  by  the  following  factors: 

For  knife  or  two-edge  bearings ^ 

"   three-edge  bearings V 

"   sand  bearings 1.00". 


Table  //.—Amend  Table  II  to  read  as 

follows: 

ATeran  Cni8hiiu|  Strencth, 

Maxmram 

Intarnal  Dttoutor,  in. 

B«tfillgB. 

Sand 
Bearins.* 

Abaorptloo, 
pwoent. 

4    .          

1000 
1000 
1000 
1100 
1200 
1370 
1540 
1810 
2150 
2360 
2580 
2750 
8080 
8800 
8620 

1430 
1480 
1430 
1570 
1710 
1060 
2200 
2590 
8070 
8870 
8600 
8080 
4400 
4710 
5080 

6 

s 

10 

u 

15 

li                 

«:::  ■'::::::::: : ::: 

M                  

J7 

IQ          

It 

M 

31 

42 

iSaaSeetfaolL   < 8m Seetioa  12.   «8M8telMBU. 
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The  proposed  revisions  were  accepted  for  publication  as  tenta- 
tive provided  a  subsequent  letter  ballot  vote  of  the  committee  is 
favorable,  and  the  report  of  the  committee  as  amended  was  adopted 
with  this  understanding.^ 

The  report  of  Committee  C-6  on  Drain  Tile  was  presented  by 
Anson  Marston,  chairman,  and  adopted. 

The  report  of  the  Society's  representatives  on  the  Joint  Concrete 
Culvert  Pipe  Committee  was  presented  by  Anson  Marston,  chairman, 
who  described  the  activities  of  the  Joint  Committee  and  especially 
the  investigation  at  the  Iowa  Engineering  Experiment  Station  on 
determination  of  actual  loads  on  pipes  and  the  development  of  the 
true  theory  of  loads  on  pipes  in  culverts. 

The  report  of  Conunittee  C-10  on  Hollow  Building  Tile  was  pre- 
sented by  its  chairman,  W.  A.  Hull,  and  adopted. 

The  report  of  Committee  C-3  on  Brick  was  then  presented  by  its 
chairman,  T.  R.  Lawson.  The  recommendation  of  the  committee 
that  the  seven  sizes  and  types  of  paving  brick  agreed  upon  in  a  con- 
ference organized  by  the  Department  of  Conunerce,  as  reported  by 
the  committee,  to  be  published  as  tentative  in  the  form  of  a  proposed 
revision  of  the  Standard  Specifications  for  Paving  Brick  (C  7-15), 
was  approved. 

The  chairman  reported  that  the  proposed  Tentative  Specifica- 
tions for  Concrete  Building  Brick  that  were  made  a  part  of  the  com- 
mittee's report  as  preprinted  had  failed  of  adoption  in  the  committee 
on  letter  ballot  vote,  the  vote  being  afl5rmative  10,  negative  12.- 
Mr.  Lawson  explained  that  many  members  of  the  committee  had  felt 
there  were  hardly  sufficient  data  before  them  to  pass  favorably  on  the 
specifications  and  therefore  moved  to  withdraw  the  proposed  speci- 
fications and  the  appendix  to  the  report  containing  data  from  a  series 
of  tests  of  concrete  brick  and  concrete  brick  masonry.  This  motion 
was  carried,  and  the  report  as  thus  amended  was  adopted. 

The  report  of  Committee  C-8  on  Refractories  was  presented  by 
R.  C.  Purdy,  chairman,  who  called  on  W.  A.  Hull  to  present  the  data 
in  Appendix  I  on  "Thermal  Conductivity  in  Specifications  for  Refrac- 
tories.**   On  motion,  the  report  was  adopted. 

The  meeting  then  adjourned  till  8  p.  m. 

Eleventh  Session — Friday,  June  30,  9.30  a.  m. 

On  Petroleum  Products,  Insulating  Materials,  Textiles  and  Rubber. 

(Held  simultaneously  with  the  Tenth  Session.) 

Florus  R.  Baxter  in  the  chair. 

The  report  of  Committee  D-2  on  Petroleum  Products  and  Lubri- 


« The  letter  ballot  vote  of  the  committee  taken  on  the  revisions  subsequent  to  the  annual 
meeting  resulted  as  follows:  Affirmative,  18;  negative  0;  not  votmg,  9. 
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cants,  C.  P.  Van  Gundy,  chairman,  was  presented  by  the  secretary, 
K.  G.  Mackenzie.  The  Tentative  Method  of  Test  for  Melting  Point 
of  ParaflSn  Wax  (D  87-21  T)  was  referred  to  letter  ballot  of  the 
Society  for  adoption  as  standard. 

The  Tentative  Method  of  Test  for  Flash  Point  by  Means  of  the 
Pensky-Martens  Closed  Tester  (D  93-21  T),  with  the  amendment 
recommended  in  the  report  of  the  committee,  was  referred  to  letter 
ballot  of  the  Society  for  adoption  as  standard. 

The  proposed  revisions  of  the  Standard  Methods  of  Testing 
Lubricants  (Specific  Gravity,  Free  Acid,  Carbon  Residue,  Viscosity) 
(D  47-21)  were  accepted  for  publication  as  tentative. 

The  Tentative  Method  of  Test  for  Cloud  and  Pour  Points  of 
Petroleiun  Products  (D  97-21  T),  with  revisions  recommended  in 
the  report  of  the  committee,  was  continued  as  tentative. 

TTie  following  proposed  tentative  methods  were  accepted  for 
publication  as  tentative  standards: 

Tentative  Method  of  Test  for  Melting  Point  of  Petrolatum; 

Tentative  Method  of  Test  for  Sulfur  in  Petroleima  Oils  Heavier 
Than  Illuminating  Oil; 

Tentative  Method  of  Test  for  Detection  of  Free  Sulfur  and  Cor- 
rosive Sulfur  Compounds  in  Gasoline. 

Tentative  Method  of  Analysis  of  Grease. 

The  recommendation  of  the  Committee  that  the  Tentative 
Method  of  Test  for  Detection  of  Free  Sulfur  and  Corrosive  Sulfur 
Compounds  in  Petroleimni  Products  (D  89  -  21  T)  be  withdrawn  to  be 
replaced  by  the  above  mentioned  Method  of  Test  for  Detection  of 
Free  Sulfur  and  Corrosive  Sulfur  Compounds  in  Gasoline,  was 
approved. 

Mr.  Mackenzie  reported  that  a  proposed  revision  of  the  present 
Tentative  Method  of  Test  for  Distillation  of  Gasoline,  Naptha,  Ker- 
osene and  Similar  Petroleum  Products  (D  86-21  T),  comprising  the 
omission  of  the  requirement  that  the  bulb  of  the  distillation  ther- 
mometer shall  be  covered  with  absorbent  cotton — Section  8  (c)  of  the 
method — ^had  been  approved  by  letter  ballot  vote  of  the  committee, 
24  aflSrmative,  11  negative,  3  not  voting,  but  had  been  withdrawn 
from  the  report  as  preprinted  by  the  committee  at  a  meeting  held 
Jime  29,  the  vote  being  12  affirmative,  10  negative.  Mr.  Mackenzie 
then  moved  the  adoption  of  the  report,  omitting  the  reference  to  the 
proposed  revision  of  the  method  of  test  for  distillation.  It  was  moved 
by  Thomas  Midgely,  Jr.,  to  amend  this  motion  by  including  in  the 
report  the  proposed  revision  of  the  Tentative  Method  of  Test  for  Dis- 
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dilation  of  Gasoline,  etc.  (D  86-21  T).  This  amendment  was  lost 
by  a  vote  of  11  aflarmative,  20  negative.  The  original  motion  was 
then  carried  without  a  dissenting  vote. 

A  paper  by  T.  G.  Delbridge  entitled  ''The  Problem  of  Durability 
Tests  for  Transformer  Oils"  was  then  presented  by  the  author  and 
discussed. 

The  report  of  Committee  D-9  on  Electrical  Insulating  Materials 
was  presented  by  its  chairman,  F.  M.  Farmer.  The  Tentative 
Methods  of  Testing  Molded  Insulating  Materials  (D  48-21  T)  were 
referred  to  letter  ballot  of  the  Society  for  adoption  as  standard. 

The  committee  proposed  certain  revisions  in  the  Tentative 
Methods  of  Testing  Insulating  Varnishes  (D  115-21  T)  in  addition 
to  those  included  in  its  report,  as  follows: 

Eliminate  all  reference  to  "fire  point"  because  experience  shows 
that  it  is  unimportant  in  these  varnishes  if  the  flash  test  is  made. 

Section  4- — Replace  with  the  following: 

*' Procedure  for  Flash  Point. — ^The  flash  point  test  shall  be  made  in  accord* 
ance  with  the  Standard  Test  for  Plash  Point  of  Volatile  Flammable  Liquids 
(D  56  -  21)  of  the  American  Society  for  Testing  Materials. " 

Section  5. — Omit  entirely  and  renimiber  the  remaining  sections. 

The  conmtiittee  also  withdrew  the  two  proposed  new  sections 
dealing  with  "Solid  Content"  and  "Rate  of  Evaporation." 

These  revisions,  as  amended,  were  approved,  and  the  Methods 
as  thus  amended  were  continued  as  tentative. 

The  proposed  Tentative  Method  of  Test  for  Phase  Difference 
(Power  Factor)  and  Dielectric  Constant  of  Molded  Electrical  Insulat- 
ing Materials  at  Radio  Frequencies  and  the  proposed  Tentative 
Methods  of  Test  for  Momentary  Dielectric  Strength  of  Sheet  Insulat- 
ing Materials  were  accepted  for  publication  as  tentative  standards. 

On  motion,  the  report  as  amended  was  adopted. 

The  report  of  Committee  D-13  on  Textile  Materials  was  presented 
by  its  chairman,  A.  E.  Jury.  The  proposed  Tentative  Specifications 
for  Imperfections  and  Tolerances  for  60-in.  17j-oz.  Square-Woven 
Builder  Fabric  (Made  of  Yam  not  Less  than  8  Ply)  were  accepted  for 
publication  as  a  tentative  standard  to  replace  the  present  Tentative 
Specifications  for  Imperfections  and  Tolerances  for  60-in.  17i-oz. 
Square-Woven  Tire  Builder  Fabric  (D  122  -  21  T). 

The  Tentative  Methods  of  Testing  Textiles  (D  76  -  20  T)  and 
the  Tentative  Definitions  of  Terms  Relating  to  Mechanical  Fabric 
(D  123-21  T),  with  revisions  recommended  in  the  report  of  the 
committee,  were  continued  as  tentative. 
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The  proposed  Tentative  Methods  of  Testing  Cotton  Fibers  were 
accepted  for  publication  as  a  tentative  standard. 

On  motion,  the  report  of  the  committee  was  adopted. 

A  paper  on  "Methods  for  Conducting  Physical  Tests  on  Rubber 
Products,"  by  A.  H.  Nuckolls,  was  presented  by  the  author. 

A  paper  by  W.  W.  Evans  entitled  "Accelerated  Aging  Tests  on 
Rubber  Goods"  was  presented  by  the  author  and  discussed. 

The  report  of  Committee  D-11  on  Rubber  Products  was  pre- 
sented by  its  chairman,  F.  M.  Fanner.  The  proposed  Tentative 
Methods  of  Testing  Rubber  Products,  with  certain  minor  modifica- 
tions by  the  committee,  were  accepted  for  pubUcation  as  a  tentative 
standard  to  replace  when  adopted  the  present  Standard  Methods  of 
Testing  Cotton  Rubber-Lined  Hose  (D  15  -  15). 

The  following  tentative  standards,  with  revisions  recommended 
in  the  report  of  the  committee,  were  continued  as  tentative: 

TenUUive  Specifications  for: 

Cotton  Rubber-Lined  Fire  Hose  for  Private  Fire  Department 
Use  (D  14-21  T); 

Commercial  Adhesive  Insulating  Tape  for  Electrical  Purposes 
(D  69-21  T); 

Rubber  Insulating  Tape  (D  1 19  -  21  T) ; 

Rubber  Gloves  for  Electrical  Workers  on  Apparatus  or  Cir- 
cuits not  exceeding  3000  volts  to  Ground  (D  120  -  21  T). 

The  proposed  Tentative  Specifications  for  Rubber  Pump  Valves 
were  accepted  for  pubUcation  as  a  tentative  standard. 

On  motion,  the  report  of  the  committee  as  amended  was  adopted. 
The  meeting  then  adjourned  till  8  P.  M. 


Twelfth  Session — ^Friday,  June  30,  8  p.  m. 
On  Cement  and  Concrete. 

Robert  W.  Lesley  in  the  chair. 

The  chairman  called  for  the  report  of  the  Entertainment  Com- 
mittee, E.  D.  Boyer,  chairman.  Mr.  Boyer  stated  that  the  Sixth 
Annual  Golf  Tournament  and  the  Second  .^mual  Tennis  Tournament 
had  been  most  successfully  held  that  afternoon  at  the  Seaview  Golf 
Club.  On  behalf  of  the  committee  he  awarded  the  following  prizes, 
of  which  a  number  have  been  donated  by  certain  standing  committees 
of  the  Society: 
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Golf  Tournament. 
For  Low  Scqre  Jor  the  Course: 

The  A.S.T.M.  Championship  Cup  (A-1) 

and  Medal F.  G.  Breyer,  Palmerton,  Pa. 

For  the  Lowest  Net  Score: 

First  Prize— Wrist  Watch  (B-2) L.  R.  Ferguson,  Philadelphia,  Pa. 

Second   Prize — ^Traveling   Clock    (C-1 

and  A-2) R.  E.  Griffith,  Philadelphia,  Pa. 

Third  Prize— Traveling  Bag  (C-9) W.  H.  Hendricks,  New  York  City. 

For  the  winner  of  the  ** Blind  Handicap'*: 

Golf  Bag  (A-l) J.  McE.  Sanderson,  Buffalo,  N.  Y. 

Other  Prizes  Awarded: 

Best  Total  Gross  Score— Holes  3,  6,  10,  . 

18— Wallet  (B-2) John  A.  Findley,  Pittsburgh,  Pa. 

Best  Total  Gross  Score— First  9  Holes- 
Golf  Head  (B-2) W.  B.  Price,  Waterbury,  Conn. 

Best    Total    Gross    Score— Second    9 

Holes— Golf  Head  (B-2) G.  D.  White,  Newark,  N.  J. 

Tennis  Tournament. 

First    Prize — ^A.S.T.M.    Championship 

Cup  (D-1)  and  Medal R.  W.  Seabury,  Boonton,  N.  J. 

Second  Prize— Silver  Medal  (D-1) L.  P.  Nemzek,  Philadelphia,  Pa. 

The  report  of  Committee  C-1  on  Cement  was  presented  by  the 
chairman,  R.  S.  Greenman,  and  adopted. 

The  report  of  Committee  C-2  on  Reinforced  Concrete  was  pre- 
sented by  its  chairman,  Richard  L.  Humphrey.  The  proposed  Ten- 
tative Rules  for  Inspection  of  Concrete  and  Reinforced  Concrete 
Work  were  accepted  for  publication  as  a  tentative  standard,  and  the 
report  of  the  committee  was  adopted. 

The  report  of  the  A.S.T.M.  representatives  on  the  Joint  Com- 
mittee on  Standard  Specifications  for  Concrete  and  Reinforced  Con- 
crete was  presented  by  Richard  L.  Humphrey,  chairman.  Mr. 
Humphrey  outlined  briefly  the  activities  of  the  Joint  Conunittee 
dining  the  year  and  spoke  of  tests  that  are  being  planned  to  try  out 
the  tentative  specifications  offered  a  year  ago  by  the  Joint  Committee. 
Following  the  presentation  of  the  report,  criticisms  of  these  specifica- 
tions that  had  been  prepared  at  the  request  of  the  Executive  Com- 
mittee by  certain  of  our  standing  conmiittees  were  presented  in 
abstract  as  follows,  with  the  explanation  that  the  detailed  reports 
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had   akeady   been   submitted   with   two   exceptions   to   the   Joint 
Committee: 

Report  from  Committee  C-1  on  Cement,  presented  by  R.  S. 
Greenman; 

Report  from  Conmaittee  C-9  on  Concrete  and  Concrete  Aggre- 
gates, presented  by  A.  T.  Goldbeck; 

Report  from  Committee  D-4  on  Road  and  Paving  Materials, 
presented  by  A.  T.  Goldbeck; 

Report  from  Committee  C-7  on  Lime,  presented  by  T.  B.  Shertzer; 

Report  from  Committee  C-2  on  Reinforced  Concrete,  presented 
by  D.  A.  Abrams. 

This  was  followed  by  a  general  discussion  of  the  Joint  Committee's 
report.  As  part  of  this  discussion,  a  paper  entitled  "A  Method  for 
Measuring  Sands  in  an  Inundated  Condition,"  was  read  by  R.  L. 
Bertin,  and  accepted  for  publication  in  the  Proceedings. 

On  motion,  the  report  of  the  A.S.T.M.  representatives  was 
accepted  as  a  report  of  progress. 

A  paper  on  "Fatigue of  Concrete''  was  presented,  in  the  absence 
of  its  author,  H.  F.  Clemmer,  by  F.  Burggraff  and  discussed. 

A  paper  by  F.  E.  Richart  and  E.  E.  Bauer  entitled  "Relations 
between  Voids  and  Plasticity  of  Cement  Mortars  at  DiflFerent  Rela- 
tive Water  Contents"  was  presented  by  Mr.  Richart.  • 

There  being  no  further  business,  the  Chair  declared  the  Twenty- 
fifth  meeting  adjourned  sine  die. 
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The  Society  is  not  responsible,  as  a  body,  for  the  statements  and  opinions  advanced 

in  this  publication. 


A  QUARTER  CENTURY  OF  PROGRESS. 

Annual  Address  by  the  President,  C.  D.  Young. 
June  27,  1922. 

There  is  an  unwritten  rule  or  custom  in  the  American  Society 
for  Testing  Materials,  which  is  as  well  established  as  the  unwritten 
constitution  of  Great  Britain,  that  the  presiding  officer  at  each  Annual 
Meeting  shall  deliver  an  address  appropriate  to  the  time  and  occasion. 
What  is  said  by  me  tonight  in  compliance  with  that  custom  will  be 
in  the  nature  of  an  informal  talk  rather  than  a  formal  address  and  will 
be  confined  principally  to  the  growth  of  our  Society,  its  place  in  the 
engineering  world  and  its  relation  to  other  engineering  societies. 

We  are  assembled  this  week  at  Atlantic  City,  the  world's  greatest 
playground,  not  only  for  pleasure  and  recreation  but  also  for  serious 
deliberation  with  reference  to  the  activities  of  our  members  during 
the  past  year,  whether  as  individual  contributors  in  the  form  of  papers 
or  collectively  by  joint  activities  of  committees. 

This  year  marks  the  twenty-fifth  anniversary  of  our  existence 
as  a  Society.  This  assembly  partakes  of  the  nature  of  a  silver  anni- 
versary, which  our  Entertainment  Committee  has  endeavored  to 
commemorate  by  the  use  of  suitable  badges. 

Therefore,  I  shall  attempt  to  review  very  briefly  the  growth  and 
accomplishments  of  our  Society  since  its  organization  and  make  a 
small  but  deserved  contribution  to  the  history  of  an  association 
which  now  ranks  very  high  among  the  leading  scientific  societies 
of  the  United  States. 

(36) 


Digitized  by 


Google 


A  Quarter^Century  of  Progress.  37 

On  June  17,  1898,  what  is  now  known  as  the  American  Society 
for  Testing  Materials  had  its  inception  in  an  organization  formed  by 
the  American  members  of  the  then  existing  International  Association 
for  Testing  Materials.  The  object  of  the  new  organization  was  to 
bring  together  as  many  as  possible  of  those  interested  in  the  subject 
of  materials  of  engineering,  to  simplify  the  work  of  the  then  existing 
International  Association,  and  to  render  its  work  more  efficient.  One 
of  its  main  objectives  was  to  harmonize  and  standardize  specifications 
for  materials.  The  courageous  group  who  formed  this  organization 
found  progress  along  this  line  very  difficult.  One  of  the  principal 
handicaps  which  confronted  them  was  the  lack  of  appreciation  of  the 
benefits  of  standardization,  uniformity  of  the  methods  of  testing  and 
a  common  nomenclature.  For  this  reason  consmners  and  producers 
aUke  hesitated  to  engage  in  the  preparation  of  any  standards  which 
might,  in  their  judgment,  tend  to  restrict  or  interfere  with  the  stand- 
ards which  had  theretofore  or  might  thereafter  be  established  or 
recommended  by  engineers  or  manufacturers. 

During  the  next  four  years  but  little  was  accomplished  to  carry 
out  the  paramoimt  objects  of  the  Association,  and  had  it  not  been 
for  the  personal  pride  of  its  foimders  and  their  praiseworthy  deter- 
mination to  carry  out  those  objects,  this  Society  might  have  failed 
of  its  purpose  and  passed  into  the  realm  of  innocuous  desuetude 
many  years  ago.  At  that  time  many  of  our  members  felt  that  this 
association  could  succeed  only  as  an  independent  American  institu- 
tion and  not  as  a  body  subordinate  to  an  International  Association. 
This  feeling  grew  until  1902,  when  it  was  expressed  in  the  incorporation 
and  organization  of  the  American  Society  for  Testing  Materials. 
From  that  time  on  its  membership  grew  at  a  steadily  increasing  rate, 
and  this  growth  has  continued  from  that  time  to  this  with  a  remarkable 
uniformity,  so  that  at  present  more  than  one-fourth  of  its  members 
are  actively  devoting  themselves  to  committee  work,  and  many  of 
those  not  so  situated  as  to  be  able  to  give  the  time  required  for  such 
work  are  contributing  through  papers  to  the  advancement  and  knowl- 
edge of  engineering  materials  and  approved  methods  for  testing  them, 
If  I  were  asked  what  is  the  most  characteristic  feature  of  our  Society. 
I  would  answer  that  it  is  the  independence  of  its  members  from  pre- 
conceived notions  and  arbitrary  standards.  This  is  conclusively 
shown  by  the  fact  that  it  did  not  justify  its  existence  by  its  growth 
until  after  it  had  freed  itself  from  the  limitations  placed  upon  it  by 
the  old  Intemational  Association,  which  tended  to  restrain  its  scope 
to  methods  of  testing  and  to  academic  discussions  of  what  a  specifica- 
tion should  be,  instead  of  permitting  the  greatest  freedom  in  the 
establishment  of  American  standards  of  testing. 
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Not  until  after  our  Society  had  become  autonomous  was  it  pos- 
sible to  prepare  standard  methods  of  testing  through  collaboration 
and  research  work  nor  to  adopt  acceptable  standard  specifications. 
The  untrammelled  initiative  of  our  members  has  been  the  guiding 
spirit  of  our  Society  for  the  last  twenty  years,  and  finds  its  natural 
expression  in  the  work  of  our  widely  diversified  standing  conunittees. 
Through  regulations  applicable  to  the  needs  of  each  conunittee,  our 
form  of  management  is  unique  as  compared  with  that  of  other  engineer- 
ing societies,  because  it  permits  the  freest  possible  expression  of  the 
views  of  all  of  our  members,  each  of  whom  has  an  equal  voice  in  the 
work  brought  formally  to  the  attention  of  the  Society  for  mass  or 
group  adoption.  This  method  of  conducting  the  business  of  the 
Society  gives  to  each  producer,  consumer  or  independent  engineer 
a  fair  chance  to  speak  and  be  heard  and  to  present  to  committees  of 
each  group  all  angles  and  phases  of  the  problems  to  be  considered. 

As  this  Society  became  established  as  an  independent  entity, 
prejudice  against  its  work  gradually  disappeared  until  it  had  no  rival 
in  its  chosen  field.  At  first  there  was  none  so  poor  as  to  do  it  rever- 
ence; but  soon  there  was  none  to  challenge  its  supremacy.  Since 
the  establishment  by  it  of  standardized  methods  and  specifications, 
increasing  recognition  has  been  given  us  as  the  authoritative  body 
not  only  in  a  few,  but  on  all,  subjects  relating  to  materials  engineering. 
Such  great  strides  have  been  made  that  the  Society  has  produced 
standards  covering  nearly  all  of  the  important  materials  generally 
used  in  engineering  construction.  These  standards,  together  with 
those  which  are  now  contemplated  and  are  in  course  of  development, 
will,  when  completed,  afford  to  the  engineer  the  necessary  guides  in 
engineering  practices.  In  the  preparation  of  these  standards,  the 
fullest  cooperation  has  been  obtained  from  manufacturers  and  pro- 
ducers, and  the  standardization  thereby  effected  has  enabled  the 
buyer  and  the  seller  to  speak  the  same  language.  In  overcoming  the 
prejudice  against  standardization,  the  manufacturer  has  learned  that 
it  is  possible  for  him  to  produce  a  far  better  quality  of  product,  and 
at  the  same  time  greatly  reduce  his  expenses  through  mass  production. 
This  lower  cost  makes  it  possible  not  only  to  offer  to  the  public  better 
materials  at  lower  unit  prices,  but  also  to  maintain  at  the  same  time 
higher  wages  for  labor. 

American  standards  of  quality,  having  forced  recognition  through- 
out the  world,  have  stabilized  production  and  employment  through 
the  broadening  effect  of  increased  markets,  and  have  made  it  safe  for 
manufacturers  to  accumulate  stocks  during  dull  periods,  when,  without 
such  standards,  such  a  policy  would  have  been  extremely  hazardous 
not  only  to  the  manufacturer  but  also  to  the  general  public. 
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Although  standardization  restricts  the  varieties  for  selection,  it 
permits  concentration  of  thought  and  skill  upon  design,  so  that  the 
product  may  be  more  economically  and  efficiently  handled.  It  also 
reduces  the  maintenance  cost  of  the  finished  structure  by  simplifying 
the  stocks  necessary  for  their  maintenance.  These  well-established 
standards  have  established  that  factor  of  safety  which  is  essential 
for  the  engineer  in  making  the  finished  product.  Moreover  the  care 
which  is  exercised  by  the  committees  in  the  preparation  of  their  stand- 
ards gives  full  assurance  to  the  public  that  the  materials  purchased  and 
inspected  in  accordance  with  the  recommendations  of  this  Society 
will  result  in  furnishing  the  best  that  can  be  produced,  at  the  lowest 
possible  cost,  and  at  the  same  time  will  afford  all  safety  necessary  to 
the  public  welfare. 

In  the  formation  of  our  committees  great  care  is  exercised  in 
making  the  selections  so  that  all  views  and  interests  will  be  repre- 
sented by  the  personnel  composing  the  committees,  because  long 
experience  has  demonstrated  the  fact  that  with  a  committee  not 
wholly  representative  of  the  industry  involved  in  the  standard  under 
consideration  it  is  impossible  for  that  standard  to  win  general 
recognition. 

Furthermore,  even  after  a  truly  representative  committee, 
selected  from  the  fields  of  engineering,  research  and  manufacture, 
has  reached  an  agreement,  experience  has  taught  us  that  any 
work  offered  for  acceptance  as  a  standard  cannot  be  ultimately 
adopted  until  all  of  the  interests  involved  in  the  problem  have  adjusted 
their  ideas  to  the  cormnon  standard,  and  have  unanimously  accepted 
the  mosaic  thus  produced.  How  often  have  we  seen  at  our  annual 
meetings  standards  and  methods  fail  of  adoption  because  they  have 
not  had  the  unanimous  support  of  all  the  interests  involved!  And 
how  frequently  has  it  occurred  that  an  objection  voiced  at  first  only 
by  one  of  our  members  has  been  sufficient  after  discussion  to  cause  a 
reconmiendation  to  be  referred  back  to  the  committee  for  further 
consideration!  Is  it  not  apparent,  therefore,  that  the  secret  of  the 
success  of  such  standards  as  have  been  finally  adopted  as  a  matter  of 
record  by  this  Society  is  due  to  such  thorough  consideration  and 
unanimous  approval?  If,  on  the  other  hand,  either  in  a  coimnittee, 
or  at  an  annual  meeting,  objection  is  made  on  the  ground  that  the 
adoption  of  the  recommended  standard  would  prevent  some  particular 
manufacturer  from  marketing  a  special  article,  or  some  engineer  from 
gaining  advantage  through  special  design  or  otherwise,  seldom  has 
such  an  objection  been  supported,  for  as  soon  as  its  true  significance 
has  been  revealed  the  standard  recommended  by  the  committee  is 
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supported  by  the  membership  at  large.  And  this  experience,  fre- 
quently repeated,  shows  why  our  standards  are  being  so  frequently 
endorsed  and  generally  used. 

Other  technical  societies  and  governmental  agencies,  recognizing 
the  worth  of  our  procedure  and  standards,  are  looking  more  and  more 
to  this  body  as  the  authority  on  standards  of  materials,  and  for 
assistance  in  preparing  specifications,  nomenclature  and  methods  of 
testing.  Therefore  we  point  with  just  pride  to  the  abundant  evidence 
that  when  our  allied  engineering  associations  desire  to  incorporate 
such  specifications  as  a  portion  of  their  work,  they  adopt  ours.  As 
conclusive  evidence  of  this  fact  we  find  our  standard  materials 
specifications  in  the  Boiler  Code  of  the  American  Society  of  Mechan- 
ical Engineers,  our  joint  work  on  cement  in  the  American  Society  of 
Civil  Engineers,  and  our  standards  covering  the  quality  of  and  tests 
for  certain  electrical  materials  in  the  standards  of  the  American  Insti- 
tute of  Electrical  Engineers.  More  recently  the  American  Engineering 
Standards  Committee  has  named  this  Society  as  sponsor  for  six  stand- 
ardization projects  and  has  adopted  as  American  Standards  or  Ten- 
tative American  Standards  fourteen  specifications  promulgated  by  us. 
The  United  States  Department  of  Commerce,  recognizing  the  value  of 
the  work  of  this  Society,  has  translated  and  broadcasted  through  its 
various  consulates  sixty-one  of  our  standards  translated  into  Spanish 
and  French,  and  the  translation  is  now  contemplated  of  about  forty 
of  them  into  Portuguese  for  use  in  Brazil.  The  leading  manufacturers 
of  the  country  are  offering  as  their  recommended  practice  the  stand- 
ards of  our  Society,  and  it  is  with  pleasure  we  observe  that  in  the  re- 
cently "Recommended  Minimum  Requirements  for  Small  House 
Construction"  tentatively  prepared  by  the  Building  Code  Committee 
of  the  Department  of  Commerce,  the  standards  of  the  Society  are 
offered  wherever  specifications  for  materials  are  mentioned.  The  Inter- 
departmental Petroleum  Specifications  Committee  of  the  U.  S.  Fed- 
eral Specifications  Board  has  adopted  all  the  methods  of  test  for 
petroleum  products  developed  by  our  Society,  using  other  methods  for 
determining  certain  properties  only  when  the  Society  has  not  yet 
formulated  methods  for  determining  those  properties.  In  the  whole 
domain  of  science  practically  applied,  what  society  can  point  to  so 
many  expressions  of  the  unqualified  approval  of  its  accomplishments? 

It  is  impossible  tonight  to  present  anything  like  a  complete 
review  of  the  activities  of  our  committees  during  the  past  year. 
They  are  too  voluminous  and  too  diversified  in  character.  Every 
paper  presented  at  this  meeting  is  a  credit  to  our  members  because  it 
reflects  the  greatest  care  in  preparation.    It  seems  appropriate^  how- 
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ever,  that,  referring  at  random  to  the  activities  of  our  committees, 
I  should  point  out  to  you  a  few  of  those  which,  directly  or  indirectly, 
are  of  especial  interest  to  the  general  public.  This  list  is  not  complete, 
for,  indirectly  at  least,  all  of  our  work  affects  American  economic  life. 
It  is  worthy  of  note,  however,  that  Committee  A-1  on  Steel,  in  coop- 
eration with  the  American  Railway  Association,  has  completed  a 
study  of  specifications  covering  castings  for  railways,  which  affect  the 
safety  of  passengers  and  afford  protection  to  merchandise.  This  is  a 
distinct  advance  in  the  requirements  for  such  castings.  Our  Com- 
mittee A-3  has  been  actively  engaged  in  producing  a  specification  for 
better  cast-iron  wheels,  so  essential  to  the  safety  of  transportation, 
and  our  Committee  on  Corrosion  of  Iron  and  Steel,  through  its 
painstaking  and  elaborate  physical  tests,  will,  upon  the  completion 
of  its  work,  establish  facts  which  will  aid  the  engineer  in  his  selection 
of  grades  that  will  increase  the  wearing  quaUty  of  exposed  iron  and 
steel.  Committee  C-1  on  Cement  is  planning  to  continue  research 
work  and  a  study  of  cements  embracing  not  only  methods  of  tests 
but  also  the  effect  that  other  admixtures,  used  with  cements,  have 
upon  the  cement  when  made  into  concrete. 

Committee  C-2,  engaged  in  the  study  of  reinforced  concrete, 
will  recommend  a  practice  on  a  matter  which  is  of  great  public  inter- 
est, in  that  it  affects  the  safety  of  concrete  buildings.  This  recommen- 
dation is  an  endeavor  on  the  part  of  our  committee  to  present  to  the 
public  a  recommended  practice  for  strict  observance  of  the  proper 
inq>ection  of  concrete  and  reinforced  concrete  structures. 

Our  Drain  Tile  Committee,  in  cooperation  with  other  agencies,  is 
conducting  an  extensive  investigation  to  determine  the  effect  of  acids 
and  alkali  solutions  on  concrete  drain  tile.  The  result  of  this  investi- 
gation will,  no  doubt,  have  a  nM.rked  effect  upon  drainage  con- 
struction, and,  through  cooperative  action  with  the  U.  S.  Department 
of  Agriculture,  will  result  in  very  great  benefit  to  the  American  farmer. 

Committee  D-1  through  its  study  on  methods  of  the  application 
of  paint  by  sprajdng  and  certain  tests  of  anti-fouling  paint  for  use  on 
ship  bottoms,  is  making  a  valuable  contribution  to  the  subject  of 
commercial  economics.  If,  through  its  work,  the  time  now  lost 
through  dry  docking  and  cleaning  of  ships  is  materially  reduced,  the 
economic  gain  to  all  is  obvious. 

Our  committees  on  Petroleiun  Products  and  Lubricants  (D-2), 
as  weU  as  on  Road  and  Paving  Materials  (D-4),  are  working  on 
the  first  essential  step  before  general  standardization  can  be  agreed 
upon,  that  is,  methods  of  testing  the  products  of  such  groups. 
Committee  D-2  is  making  excellent  progress  in  the  standardization 
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of  methods  which  will  facilitate  the  preparation  of  specifications 
for  gasoline,  fuel  oil  and  other  petroleum  products  of  daily  use  in 
almost  every  family.  And  likewise  Committee  D-4  is  engaged  in 
the  important  work  of  standardizing  the  methods  of  testing  road 
materials,  which  will  be  of  great  assistance  in  the  road  construction 
program  of  this  country;  and  it  should  be  a  matter  of  pride  to  our 
members  to  know  that  the  various  State  Highway  Departments  are 
looking  to  this  Society  for  standardized  methods  of  test  covering 
materials  necessary  for  their  use  in  highway  construction.  The 
progress  of  this  committee  is  particularly  gratifying  in  view  of  the 
marked  prejudices  which  must  of  necessity  be  eliminated  in  order  to 
work  out  methods  of  tests  and  specifications  which  will  prove  uni- 
versally acceptable. 

The  subjects  of  study  which  I  have  brought  to  your  attention 
will  indicate  how  closely  they  affect  the  average  man  on  the  street, 
for,  although  he  may  not  feel  a  personal  interest  in  the  technical 
details,  it  must  be  apparent  to  him  that  practically  all  of  the  work  of 
the  members  of  this  Society,  both  directly  and  indirectly,  affect  him 
in  a  marked  degree,  in  that  our  Society,  through  its  efforts  to  advance 
the  knowledge  of  engineering  materials,  and  to  establish  proper 
methods  of  testing  and  correct  make-ups  of  specifications,  is  making 
rapid  strides  in  the  improvement  of  our  economic  life  in  ways  too 
numerous  to  mention. 

This  Society  does  not  seek  to  monopolize  all  of  the  field  of  engi- 
neering materials,  because  our  fixed  policy  has  been,  as  expressed  in 
our  Regulations,  not  to  go  beyond  Materials  nor  to  invade  the  engi- 
neers' field  of  design,  but  through  cooperative  action  to  give  the 
benefit  of  the  knowledge  of  our  members  to  the  general  public.  With 
other  societies  we  are  actively  engaged  in  a  study  of  improvement  in, 
and  specifications  for,  insulated  wire  and  cables,  and  the  preparation 
of  standards  for  concrete  culvert  pipe.  Through  joint  committee 
action,  we  are  also  working  upon  specifications  for  concrete  and 
reinforced  concrete.  This  work  has  taken  on  a  far  reaching  and 
important  aspect,  in  that  the  previous  work  of  the  committee  is 
now  being  reviewed,  and  tests  of  the  practical  merit  of  the  proposed 
specifications  are  being  actively  carried  out  in  the  larger  cities  of  the 
coimtry  on  important  construction  work,  for  the  purpose  of  ascer- 
taining the  desirability  of  following  these  recommendations  as  standard 
practice,  before  determining  whether  or  not  they  are  complete  and 
economically  correct. 

Your  Executive  Body,  through  its  standing  Committee  on  Inter- 
Society  Relations,  is  in  cooperative  contact  with  all  material  engineer- 
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ing  agencies  of  America,  and  is  affording  them  a  knowledge  of  materials 
together  with  every  assistance  possible. 

As  our  knowledge  increases,  it  is  very  important  that  revisions 
of  our  adopted  standards  be  made  from  time  to  time,  for  if  no  recogni- 
tion be  accorded  to  the  increased  scientific  knowledge,  the  introduction 
of  known  materials  applied  to  new  devices,  or  of  new  products  to  old 
uses,  stagnation  in  the  work  of  our  Society  would  result,  and,  with 
the  demand  for  increased  knowledge  of  materials  in  other  allied  Engi- 
neering Societies,  our  position  would  soon  be  usurped  by  them.  We 
must,  however,  look  with  caution  upon  each  proposed  modification  of 
standards  and  methods,  and  determine  beyond  doubt  that  suggested 
changes  are  based  upon  practical  knowledge,  bom  of  the  experience 
of  those  who  are  best  qualified  to  pass  upon  the  changes  proposed. 
It  goes  without  saying  that  the  necessity  for  modification  outweighs 
the  desirability  for  maintaining  any  given  standard,  proper  consider- 
ation being  given  at  all  times  to  the  disturbing  effect  which  such 
proposed  changes  may  have  upon  production  processes  essential  to 
economic  output.  Here  again  our  Society  has  seen  the  effect  of  the 
personal  equation  applied  to  some  of  our  country's  largest  iijdustries, 
in  that  the  members  of  our  Society  who  are  connected  with  such 
industries,  through  roimd  table  discussion  on  some  vital  point,  come 
to  a  common  agreement  that  a  better  product  can  be  specified,  not- 
withstanding the  effect  which  such  changes  may  have  on  their  processes 
of  production.  Thus  a  new  standard  may  be  accepted  by  the  industry, 
and,  without  delay  or  friction,  a  better  quality  of  product  furnished 
to  the  general  public  for  its  safety  and  economic  gain.  In  this  way 
the  purpose  of  our  founders,  that  our  Society  should  afford  a 
meeting  ground  for  manufacturers,  engineers  and  consumers,  in 
establishing  standards  of  methods  of  testing  and  unification  of  speci- 
fications, may  be  realized  in  greater  measure  than  was  thought  possible 
a  quarter  of  a  centuiy  ago  when  prejudices  against  such  unification 
were  so  strongly  entrenched. 

That  our  Society  is  furnishing  the  means  for  assistance,  through 
its  ability  to  establish  the  closest  relationship  with  the  different  inter- 
ests using  and  producing  materials,  is  well  illustrated  by  the  very  rapid 
growth  in  receipts  from  the  sale  of  its  publications.  Beginning  in 
1902,  with  receipts  amounting  to  fifty-four  dollars  ($54)  from  this 
source,  the  amount  has  steadily  grown  until,  during  the  past  year,  the 
revenues  from  that  source  amounted  to  eighteen  thousand  dollars 
($18,000),  representing  more  than  one-fourth  of  the  financial  income. of 
the  Society.  With  the  problem  before  the  Executive  Committee  of  fur- 
nishing the  greatest  returns  to  our  members  for  their  dues,  in  the  way 
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of  publications,  these  sales  represent  a  very  material  asset*  to  our 
budget.  This,  however,  is  not  the  true  measure  of  the  importance  of 
these  sales,  but  rather  indicates  the  standing  and  utility  of  our  publica- 
tions to  those  interested  in  our  work.  The  fact  that  they  are  bujring 
them  voluntarily  conclusively  proves  their  worth. 

In  the  report  of  the  Executive  Conmiittee  our  Secretary  has 
presented  a  complete  analysis  of  the  manner  in  which  our  funds  are 
iJeing  expended.  This  is  called  to  your  attention  because  it  illustrates 
in  a  very  striking  manner  the  efforts  of  that  conmiittee  to  return  to 
*  the  members  the  maximum  return  in  publications,  consistent  with  the 
fimds  of  the  Society.  During  the  past  few  years  there  has  been  a 
marked  increase  in  the  cost  of  our  publications,  but,  without  assessing 
additional  cost  upon  our  members,  there  has  been  no  marked  decrease 
in  the  volume  of  the  publications  distributed. 

As  American  engineers  have  found  our  standards  adequate  in 
quality  for  this  country's  needs,  making  it  unnecessary  to  seek  foreign 
markets  for  materials  to  meet  the  most  exacting  requirements,  it 
seems  to  us  that  our  neighbors  could,  to  their  advantage,  avail  them- 
selves of  this  quality  to  satisfy  conditions  which  are  similar  to  ours. 
To  this  end  our  Committee  on  Papers  has  been  actively  considering 
what  further  can  be  done  with  due  regard  to  our  resources,  towards 
increasing  the  technical  literature  which  may  be  distributed  by  the 
Society.  The  Executive  Committee  is  carefully  considering  ways  and 
means  for  further  circulating  our  Proceedings  in  foreign  countries,  so 
that  American  standards  may  be  more  generally  known  and  more  fre- 
quently specified.  The  interest  taken  by  our  members  in  this  matter  is 
exceedingly  gratifying  to  your  Executive  body,  which  sees,  through  the 
medium  of  the  distribution  of  our  publications,  a  better  understanding 
by  foreign  countries  of  questions  affecting  the  merits  of  American 
products  in  the  commercial  exchange  between  this  country  and  others. 

Our  Society  should  strongly  support  any  movement  which  will 
again  create  an  international  association  of  testing  engineers.  As 
already  mentioned,  our  Society  did  not  find  the  desired  possibility  of 
growth  under  the  handicap  of  the  original  International  Association. 
Now,  however,  it  seems  that  with  a  better  understanding  of  the  limi- 
tations of  the  old  International  Association,  with  its  restrictive  require- 
ments in  limiting  the  activities  of  its  members  to  what  might  be  termed 
academic  discussions,  it  is  possible,  as  well  as  desirable,  that  the  Inter- 
national Association  be  re-established,  for  the  purpose  of  further 
developing  the  knowledge  of  engineering  materials  and  stimulating 
the  science  of  testing  materials,  resulting  in  the  creation  of  international 
specifications  which  might  be  adopted  for  general  use.     It  is  the  duty 
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of  this  Society  to  lend  its  influence  in  the  re-establishment  of  such  an 
active  Association.  Our  recognized  standing  has  placed  us  in  a  posi- 
tion to  actively  promote  such  a  movement,  and,  when,  in  tiie  judgment 
of  this  body,  the  time  has  arrived  for  the  re-establishment  of  such  an 
Association  we  should  be  ready  at  once  to  give  the  movement  our 
hearty  support. 

The  economic  conditions  resulting  from  the  war  may  be  viewed 
by  some  as  a  barrier  to  the  revival  of  the  International  Association; 
but  I  do  not  concede  the  correctness  of  .tiiat  opinion.  Moreover  the 
desirability  of  such  revival  is  so  apparent  that  a  careful  study  of  the 
conditions  involved  should  be  made  for  tiie  purpose  of  determining 
whether  or  not  such  a  consummation  is  possible. 

Standardized  knowledge  is  a  sine  qua  nan  of  economic  develop- 
ment. Science  is  the  handmaid  of  progress,  and  her  standards,, to  be 
worthy  of  adoption,  must  be  both  exact  in  conception  and  dear  in 
their  expression.  While  we  must  be  conservative,  we  must  in  many 
things  take  the  initiative.  But  as  we  are  members  of  a  purely  volun- 
tary association,  every  standard  we  seek  to  establish,  the  ultimate 
results  of  all  tests  for  which  we  are  responsible,  and  all  recommenda- 
tions we  make,  must  be  presented  on  tiieir  own  merits  and  not  upon 
any  mere  ipse  dixit.  We  have  no  sordid  objectives  to  accomplish,  no 
selfish  business  or  personal  interests  to  serve.  Our  aims  are  and  must 
be  purely  altruistic. 

This  Society  is  a  clearing  house  for  the  discovery  and  application 
only  of  those  principles  which  are  sound  and  those  practices  that  have 
been  tested  before  they  obtain  our  full  sanction.  This  forum  is  always 
open,  and  for  the  advancement  of  the  work  to  which  it  is  dedicated 
"every  hour  is  noon."  But  while  it  is  our  duty  to  reject  every  engi- 
neering fad,  fancy  and  fallacy  which  seeks  our  approval,  that  duty  is 
best  performed  by  biuying  them,  quietly  in  unmarked  graves,  for,  as 
expressed  in  the  well-known  maxim,  "Public  reproof  hardeneth  the 
heart." 

In  one  of  the  numerous  bibles  which  have  been  promulgated  by 
man  we  read  this  injunction, "  Blessed  is  he  that  bloweth  his  own  horn; 
for  whosoever  bloweth  not  his  own  horn,  his  horn  shall  not  be  blown." 
Bui  in  the  Bible  which  our  mothers  read  to  us  we  find  these  words, 
which  appeal  alike  to  our  faith  and  to  our  reason:  "  Let  not  him  that 
girdeth  on  his  harness  boast  himself  as  he  that  putteth  it  off."  And 
so,  but  not  otherwise,  shall  we  "prove  all  things"  and  "hold  fast 
that  which  is  good."  And  thereby  we  shall  justify  the  respect  and 
confidence  and  deserve  the  commendation  not  only  of  leading  scientists 
abroad  but  especially  in  our  own  country,  which  is  so  fortunate  as  to 
stand  in  the  vanguard  of  modem  civilization. 
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The  Executive  Committee  offers  the  following  report  of  general 
Society  activities  for  the  past  year: 

Membership, — ^Membership  statistics  for  the  past  year  are  shown 
in  the  following  table: 


1921 
Meeting. 


1922 
Aonaal 
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The  membership  of  the  Society  has  passed  the  three  thousand 
mark,  the  membership  now  being  3030.  The  net  increase  in  mem- 
bership for  the  year  is  122  compared  with  154  for  the  previous  year. 
Both  of  these  figures  are  considerably  below  the  net  increase  in  mem- 
bership of  two  years  ago,  which  was  273.  The  Executive  Committee 
feels  that  this  is  undoubtedly  to  be  explained  by  the  period  of  financial 
stringency  which  has  been  experienced  and  it  is  gratifying  to  be  able 
to  report  that  the  "membership  increase"  curve  is  showing  a 
greater  upward  slope.  Since  the  first  of  the  year  there  has  been  an 
increase  in  the  number  of  new  members  elected,  which  has  resulted 
in  raising  the  total  of  new  members  for  the  year  closing  with  this 
annual  meeting  to  426,  compared  with  369  for  the  preceding  year. 

The  Society  has  suffered  the  loss  by  death  of  21  members,  among 
them  being  Henry  M.  Howe,  Past-President  and  Honorary  Member, 
Alfred  W.  Gibbs,  Past-President,  S.  S.  Voorhees,  Past-Vice-President, 
and  W.  A.  Bostwick,  at  one  time  a  member  of  the  Executive  Com- 
mittee.   Other  members  whose  death  is  to  be  reported  are: 

(46) 
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L.  N.  Butz  Kenneth  Rushton 

W.  B.  Cogswell  K.  D.  Schwendener 

T.  H.  A.  Eastick  B.  E.  D.  Stafford 

Henry  Hess  A.  C.  Stalknecht 

J.  M.  Jeffers  Knox  Taylor 

R.  L.  Lindstrom  G.  H.  Tefft 

J.  P.  McNaughton  C.  W.  Waidner 

T.  O.  Organ  C.  H.  Williams 
L.  S.  Randolph 

Membership  growth  since  the  organization  of  the  Society  is 
shown  in  Fig.  1. 

Standing  Committees, — ^The  Executive  Conmiittee  is  again  able 
to  report  a  year  of  exceptional  activity  on  the  part  of  our  standing 
committees,  which  has  resulted  in  a  volume  of  committee  reports  of 
outstanding  value  that  seldom  if  ever  has  been  exceeded  in  the  history 
of  the  Society.  Of  the  forty  standing  committees,  35  are  presenting 
reports  at  this  meeting,  and  the  remaining  5  have  submitted  brief 
rej)orts  to  the  Executive  Committee  indicating  progress  during  the 
year.  The  reports  presented  comprise  approximately  720  pages  and 
include  recommendations  for  proposed  revisions  in  23  standards  (of 
which  2  have  been  previously  reported),  adoption  of  12  tentative 
standards  as  standards,  acceptance  of  54  proposed  new  standards  as 
tentative,  and  proposed  revisions  in  44  tentative  standards  to  be  con- 
tinued as  tentative. 

Two  new  committees  have  been  organized  since  the  last  annual 
meeting:  Committee  D-15  on  Thermometers,  imder  the  chairmanship 
of  W.  H.  Fulweiler,  and  Committee  B-3  on  Corrosion  of  Non-Ferrous 
Metals  and  Alloys,  under  the  chairmanship  of  E.  C.  Lathrop. 
Detailed  annoimcement  of  the  organization  of  these  committees 
appeared  in  the  Bulletin.  Conmiittee  E-2  on  Electrical  Standards 
was  discontinued  on  its  own  recommendation,  in  view  of  the  fact 
that  the  organization  of  the  American  Engineering  Standards  Com- 
mittee makes  the  further  work  of  Committee  E-2  unnecessary.  The 
committee  was  originally  created  for  the  purpose  of  coordinating  the 
Society's  activities  with  those  of  other  societies  dealing  with  electrical 
matters,  and  the  membership  of  the  Society  on  the  Standards  Com- 
mittee provides  adequate  means  for  necessary  cooperative  work  in 
this  field. 

Regulations  Governing  Conmiittees  E-1  on  Methods  of  Testing 
and  E-8  on  Nomenclature  and  Definitions  have  been  duly  approved 
during  the  year  by  the  Executive  Committee. 
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Fig.  1. — Membership  and  Publications  Chart. 

NoTB. — The  initial  curve  for  publications  (1898-1902)  refers  to  the  publications 
of  the  American  Section  of  the  International  Association  for  Testing  Materials.  The 
marked  drop  for  1912  in  the  "publications"  and  "members  in  attendance  at  annual 
meetings"  curves  is  due  to  the  fact  that  the  Sixth  Congress  of  the  International 
Assodation  was  held  in  New  York  in  September,  19i2,  and  that  the  activities  of  the 
American  Society  for  that  year  were  accordingly  restricted  to  committee  reports 
and  administrativd  business.  The  drops  of  the  "publications"  curve  in  1917,  1919, 
and  1920  are  explained  by  the  fact  that  the  Book  of  A.S.T.M.  Standards  was  not 
published  those  years. 
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The  matter  of  cooperation  between  Committees  C-3  on  Brick 
and  D-4  on  Road  and  Paving  Materials  in  the  consideration  of  speci- 
fications for  paving,  brick  has  been  settled  through  the  appointment 
of  F.  H.  Jackson,  Jr.,  to  represent  Committee  D-4  on  Conoonittee 
C-3.  Certain  suggestions  of  Committee  D-4  relative  to  the  Society's 
Paving  Brick  Specifications  have  been  placed  before  Committee  C-3 
through  Mr.  Jackson. 

After  consideration  of  the  matter,  extending  over  a  period  of  a 
year  or  more,  the  Executive  Committee  has  decided  that  it  is  inexpe- 
dient to  attempt  the  organization,  at  this  time  at  least,  of  a  standing 
committee  on  heavy  chemicals.  Suggestions  have  been  made  that 
the  Society  organize  committees  on  Ferro  Alloys,  Asbestos  Products, 
Slate  and  Glue,  and  the  Secretary-Treasurer  is  investigating  the  possi- 
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Pig.  3. — Chart  Showing  Organization  of  Executive  Committee  and  Classification  of 
Activities  in  Secretary-Treasurer's  Office. 

bilities  in  these  directions.  The  organization  of  a  Committee  on 
Leather  Belting  is  still  imder  consideration. 

During  the  year  the  Executive  Committee  received  a  suggestion 
from  the  American  Water  Works  Association  that  the  Society  under- 
take the  preparation  of  specifications  for  lead  pipe.  Alter  looking 
into  the  matter  the  Executive  Committee  has  recommended  to  Com- 
mittee B-2  on  Non-Ferrous  Metals  and  Alloys  that  they  carry  out 
this  suggestion,  if  necessary  by  the  creation  of  a  separate  sub-com- 
mittee on  the  subject. 

The  Executive  Committee  includes  with  this  report  a  chart  (see 
Fig.  2)  that  has  been  prepared  showing  diagrammatically  the  com- 
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mittee  organization  of  the  Society.  This  chart  brings  out  in  an  inter- 
esting way  the  relationship  between  the  various  standing  committees, 
and  shows  how  four  of  these  committees,  Committees  E-1  on  Methods 
of  Testing,  E-5  on  Standing  Committees,  E-6  on  Papers  and  Publi- 
cations and  E-8  on  Nomenclature  and  Definitions,  act  as  administra- 
tive committees  and  in  an  advisory  capacity  to  the  Executive  Com- 
nuttee.  The  chart  also  shows  how  the  cooperative  work  of  the 
Society  with  other  societies  ties  in  through  the  Executive  Committee, 
as  required  by  our  procedure. 

The  Executive  Conunittee  also  includes  a  chart  (see  Fig.  3) 
showing  diagrammatically  the  organization  of  its  work  and  the  classi- 
fication of  and  responsibility  for  the  various  activities  of  the  Secretary- 
Treasurer's  office. 

Special  Committee  on  Investigation  of  Reinforcement  Bars. — ^The 
Executive  Committee  reported  a  year  ago  that,  at  the  joint  request 
of  Committees  A-1  on  Steel  and  C-2  on  Reinforced  Concrete,  it  had 
authorized  the  formation  of  a  special  committee  on  the  subject  of 
tests  on  deformed  steel  concrete  reinforcement  bars.  In  Bulletin 
No.  3,  October  25, 192 1 ,  the  personnel  of  this  committee  was  announced 
as  follows: 

E.  E.  Hughes,  C.  F.  W.  Rys, 

Richard  L.  Hxunphrey,  W.  A.  Slater, 

A.  E.  Lindau,  J.  J.  Yates. 

Mr.  Humphrey  was  elected  chairman  and  Mr.  Slater  secretary. 

The  original  scope  of  the  investigation,  namely,  the  phjrsical 
properties  of  plain  and  deformed  concrete  reinforcement  bars,  was 
extended  on  the  recommendation  of  the  Joint  Committee  on  Standard 
Specifications  for  Concrete  and  Reinforced  Concrete  to  include  a 
study  of  the  efficiency  of  deformed  bars  when  used  as  reinforcing  in 
concrete,  with  special  reference  to  the  effect  of  the  design  of  the  bar 
on  its  bond  resistance. 

The  committee  has  reported  progress  in  its  work  of  organizing 
the  investigation,  a  program  of  tests  has  been  outlined,  and  the  com- 
mittee is  now  endeavoring  to  arrange  for  financial  support  of  the 
investigation. 

Revisions  of  Regulations  Governing  Standing  Committees. — ^During 
the  year  the  Executive  Committee  has  approved  the  recommendation 
of  Committee  E-5  on  Standing  Committees  that  Section  11  on  Stand- 
ards of  the  Regulations  Governing  Standing  Committees  be  modified 
by  striking  out  all  reference  to  "Standard  Tests"  and  making  Para- 
graph 11  (c)  read  as  follows: 
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"The  term  'Standard  Methods'  shall  be  applied  to  methods  of  testing^ 
analysis,  sampling  and  similar  operations.  Standard  Methods  shall  not  include 
limits  for  physical,  chemical  or  other  properties." 

This  modification  was  decided  upon  as  a  result  of  careful  con- 
sideration by  Committee  E-1  on  Methods  of  Testing  and  Committee 
E-5  on  Standing  Committees  of  proposed  Regulations  Governing  the 
Form  but  not  the  Substance  of  Methods  of  Test,  in  which  a  complete 
study  and  classification  of  the  Society's  standard  methods  has  indi- 
cated that  the  classification  ** Standard  Tests"  is  imnecessary  and 
that  the  classification  "Standard  Methods"  can  more  logically  be 
made  to  include  the  former. 

Proposed  Revisions  of  the  By-Laws, — Consistent  with  the  change 
in  the  Regulations  Governing  Standing  Conmiittees  above  mentioned, 
the  Executive  Committee  recommends  to  the  Society  an  amendment 
of  Article  VI,  Section  1,  of  the  By-laws  dealing  with  Procedure  Gov- 
erning the  Adoption  of  Standards,  the  amendment  consisting  in  the 
omission  of  the  words  "Standard  Tests"  in  the  first  sentence  of 
Section  1 :  namely, 

"The  term  'Standards'  shall  be  applied  collectively  to  standard  specifica- 
tions, [standard  tests,]  standard  methods  and  standard  definitions." 

It  is  recommended  that  this  amendment  be  referred  to  a  letter 
ballot  vote  of  the  membership  in  accordance  with  the  requirements 
of  the  By-laws. 

PublicaMons, — ^The  regular  publications  during  1921  were  the 
Proceedings,  Book  of  A.S.T.M.  Standards  and  the  Supplement  to  the 
1920  Year  Book.  A  comparative  statement  as  to  the  volume  of  regular 
publications  during  the  past  three  years  is  exhibited  in  the  following: 

1919.  1920,  1921. 

Pages.  Pages.  Pages. 

Proceedings 1601  1359             1197 

Book  of  A.S.T.M.  Standards ...               890 

Year  Book  (Membership  List) 298  320 

Supplement  to  Book  of  Standards 63  128 

Supplement  to  Year  Book ...                32 

Totals 1962  1807  2119 

In  addition,  the  Society  published  during  1921  the  Book  of 
A.S.T.M.  Tentative  Standards  (5 1 8  pages).  Last  year  the  policy  was 
adopted  of  including  only  new  and  revised  tentative  standards  in  the 
current  Proceedings.  The  Book  of  Tentative  Standards  was  arranged, 
however,  to  include  as  heretofore  all  of  the  Society's  tentative  stand- 
ards, thus  making  it  the  only  Society  publication  containing  a  com- 
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plete  collection  of  the  tentative  standards.  The  demand  for  this 
volume,  which  was  placed  on  sale  for  the  convenience  of  those  members 
desiring  it,  was  very  gratifying,  there  having  been  sold  during  the 
year  585  copies  to  members  and  80  copies  to  non-members. 

Since  the  last  annual  meeting  there  have  been  printed  four  cir- 
culars to  members  aggregating  12  pages  and  four  issues  of  the  A.S.T.M. 
Bulletin,  two  of  four  pages  and  two  of  eight  pages.  At  the  time  of 
the  last  annual  meeting  only  the  first  issue  of  the  Bulletin  had  been 
published.  The  favorable  reception  of  that  issue  by  the  members 
has  continued  during  the  year,  which  marks  the  conclusion  of  the  first 
year  imder  the  policy  of  issuing  a  quarterly  Bulletin.  The  Bulletin 
has  been  of  great  service  in  announcement  of  current  conmiittee 
activities  and  joint  activities  with  other  societies,  and  in  general  has 
enabled  the  Executive  Committee  to  keep  the  membership  in  much 
closer  touch  with  current  Society  affairs  than  has  heretofore  been 
possible.  Comments  from  members  and  committees  have  been  uni- 
formly favorable  and  the  Executive  Committee  feels  confident  that 
the  Bulletin  is  finding  a  very  definite  place  in  the  Society's  publications 
and  that  the  members  find  it  of  interest  and  value. 

Headquarters, — ^The  facilities  at  the  Society  headquarters  continue 
to  be  widely  used  by  the  standing  committees  and  their  sub-committees 
for  meetings.  During  the  period  from  June,  1921,  to  June,  1922,  there 
were  35  committee  meetings,  40  sub-committee  meetings  and  7  meetings 
of  committees  of  other  societies,  a  total  of  82.  The  Executive  Com- 
mittee wishes  to  have  the  committees  and  members  of  the  Society 
make  use  of  Society  headquarters  in  every  way  possible. 

Finances, — ^The  annual  statement  of  the  finances  of  the  Society 
follows  in  the  form  of  the  report  of  the  auditors  for  the  fiscal  year 
January  1,  1921,  to  December  31,  1921. 

Attention  is  called  to  the  fact  that  when  the  Society  established 
its  headquarters  in  the  fall  of  1919,  it  entered  into  an  agreement  with 
the  Engineers'  Club  of  Philadelphia  by  which  it  was  to  pay  the  cost 
of  necessary  alterations  to  the  Club  biiilding,  this  sxun  to  be  accepted 
by  the  Club  as  advance  payment  of  rent  at  the  rate  of  $1000  a  year. 
Thb  agreement  became  effective  on  January  1,  1920,  and  the  total 
amount  paid  by  the  Society  was  $4467.17. 
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Report  of  Auditors  for  the  Fiscal  Year  January   1,    1921, 
TO  December  31,  1921. 


JOHN  HEINS  AND  CO. 
PUBLIC  ACCOUNTANTS  AND  AUDITORS 

Philadelphia,  January  6,  1922. 

American  Society  for  Testing  Materials, 
Mr.  C.  L.  Warwick,  Secretary-Treasurer, 
Philadelphia,  Pa. 

Dear  Sirs: 

We  respectfully  report  that  we  have  made  an  audit  and  examination  of  the 
books  and  acooimts  of  your  Society  for  the  six  months  ended  December  31,  1921, 
having  previously  made  a  similar  audit  and  report  for  the  preceding  six  months 
ended  June  30,  1921,  and  at  both  audits  found  the  accounts  to  be  correct  and  to 
*be  in  their  usual  excellent  condition. 

We  submit  balance  sheet  as  of  December  31,  1921,  as  also  a  statement  of  cash 
receipts  and  disbursements  for  the  twelve  months  then  ended. 

We  have  verified  the  transactions  set  forth  in  the  budget  record  for  the  last 
six  months  as  also  for  the  six  months  ended  June  30,  last,  as  reported  in  ours  of 
July  18  and  found  the  same  to  be  correct. 

We  have  verified  by  actual  inspection  and  count  the  securities  as  listed  on 
the  Balance  Sheet, 

Respectfully  submitted, 
(Signed)    John  Heins  and  Co. 

BALANCE  SHEET  AS  OF  DECEMBER  31,    1921. 

Assets. 

Cash $3,819. 07 

Investments: 

$17,200  U.  S.  Liberty  Loan  Bonds,  4th  4i's. . .  $16,380. 64 
1,300  U.  S.  Liberty  Loan  Bonds,  4th  4i's. 
held  for  Life  Membership  Fund 1 ,227 .  45 

17,608.09 

Accounts  Receivable: 

For  Publications $2,969. 85 

Members  for  1921  dues 2,214.00 

Members  for  binding 34. 50 

5,218.35 

Rent  paid  in  advance 2,467. 17 

Furniture  and  Fixtures 2,654. 17 

$31,766.85 

(54) 
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Liabilities. 

Members  dues  paid  in  advance $318. 50 

Members  binding  paid  in  advance 45 1 .  50 


Life  Membership $1,300. 00 

Surplus 29,696.85 


$770.00 
30.996.85 


-$31,766.85 

MISCELLANEOUS  FUNDS. 

In  addition  to  the  above  cash  the  Secretary- Treasurer  has  on  hand  the  following 
funds: 

Committee  A-5  on  Corrosion  of  Iron  and  Steel $2,163. 54 

Committee  C-1  on  Cement 2,006. 73 

Committee  C-9  on  Concrete  and  Concrete  Aggregates 574. 68 

Committee  C-10  on  Hollow  Building  Tile 194. 33 

Jomt  Committee  on  Investigation  of  Phosphorus  and  Sulfur 

in  Steel 171. 93 

$5,111.21 


RECEIPTS  AND  DISBURSEMENTS. 

JANUARY    1,    1921.  TO   DECEMBER   31,    1921. 

Cash  on  hand,  January  1,  1921 $265. 05 

Receipts. 

Current  dues $41,629.46 

Past  dues 557. 37 

Advance  dues 318. 50 

$42,505.33 

Sale  of  Publications: 

Separate  Standards $2,928. 92 

Book  of  Standards 4,470. 73 

Book  of  Tentative  Standards 2,470. 13 

Proceedings 3,214. 74 

Miscellaneous 4,919. 04 

18,003.56 

Binding  (Members) 1,248. 50 

Sale  of  right  to  reprint  Standards 750. 00 

Authors'  reprints 120. 16 

Sale  of  Certificates  of  Membership 44. 50 

Interest  on  deposits  and  investments 1,729. 82 

Accrued  interest 104. 29 

Bzcess  remittances 58. 90 

Miscellaneous 11.75 

Committee  A-5 725. 00 

Total  receipts $65,301.81    65,301.81 

$65,566.86 
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Disbursements. 

Publications J35,934. 39 

Salaries 15,146.08 

Expenses,  Secretary-Treasurer's  OflSce :     3,070. 10 

Expenses,  Standing  Committees 1, 168. 60 

Expenses,  Nominating  Committee 130. 00 

Traveling  Expenses,  Executive  Committee 622. 01 

Rent  and  Insurance,  Storage  Rooms 321 .  60 

Engrossing  Certificates  of  Membership 4. 50 

American  Engineering  Standards  Committee 1,500. 00 

Net  Expenses,  Annual  Meeting 662. 55 

Rent  and  Alterations 194. 60 

Headquarters'  Maintenance 80. 12 

Furniture  and  Fixtures 518. 77 

Girard  Trust  Co.,  Repayment  of  Loan 2,206. 60 

Accrued  interest 104. 29 

Refund  of  excess  remittances 58. 90 

Miscellaneous 24. 68 


Total  disbursements $61,747. 79 $61,747. 79 


Cash  on  hand  December  31,  1921 $3,819. 07 


Financial  Condition  at  Close  of  Fiscal  Years  1917-1921,  Inclusive. 


ASMTB. 

LiabiUtiea. 

Surplus. 

Fiscal  Year. 

Gash 
Balance. 

Investment  |    Accounts 
"^     1  Receivable 

1 

Advance  Rent 
and  Furniture 
and  Fixtures. 

Total. 

Accounts 
PtiyaMft-o 

Surplua.ft 

1917 

1918 

1919 

1920 

1921 

19  584.82 

7164.93 

294.70 

265.05 

3  819.07 



$4  880.63 

16  601.58 

17  606.09 
17  608.09 

$2  601.71 
2569.05 
3  415.40 
3  823.90 
5  218.35 

$3  600.00 
5897.48 
5121.34 

$12186.53 
14  615.51 
22  911.68 
27  594,52 
31766.85 

231.00 
331.47 
417.25 
2  608.50 
770.00 

$11955.53 
14  284.04 
22494.43 
24986.02 
30996.85 

a  These  sums  represent  dues  paid  in  advance  and  do  not  include  any  unpaid  bills  except  for  1920.  a  loan  of  $2200 
from  the  Girard  Tk-ust  Company. 

^These  items  include  $1300  on  account  of  Life  Memberships. 

The  surplus  on  December  31,  1921  was  $30,996.85  and  includes 
$1300  Life  Membership  Fund,  $2467.17  for  rent  paid  in  advance, 
$2654.17  for  furniture  and  fixtures,  and  $4200  set  aside  as  a  sinking 
fund  towards  defraying  the  cost  of  the  1924  issue  of  the  Book  of 
Standards. 

The  sale  of  Society  publications  has  increased  each  year  for  many 
years.  The  receipts  from  this  source  for  1921  were  $18,003.56  com- 
pared with  $10,983.37  for  the  previous  year.     The  very  large  increase 
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in  these  receipts  is  due  in  part  to  the  appearance  in  1921  of  the  triennial 
Book  of  Standards.  It  is  interesting  to  note  that  the  percentage 
ratio  of  receipts  from  sales  of  publications  to  total  receipts  is  steadily 
increasing.  In  1902  when  the  Society  was  incorporated  the  ratio  was 
1.3  per  cent.  By  1910  it  had  grown  to  11.5  per  cent,  in  1920  to  19.1 
per  cent,  and  in  the  past  year  jumped  to  27.6  per  cent. 

Inventory  of  Publications  in  Stock. — ^In  the  foregoing  financial 
analysis  no  account  has  been  taken  of  the  assets  of  the  Society  in  the 
form  of  publications  in  stock.  The  inventory  on  May  15,  1922,  may. 
be  summarized  as  follows: 

NUMBBK 

OP  Copies. 

Proceedings 7,726 

1921  Book  of  A.S.T.M.  Standards 2,890 

Index  (Vols.  I-XII,  ind.) 607 

Reports  of  Committee  D-l  (1903-1914  incl.) 312 

1921  Book  of  A.S.T.M.  Tentative  Standards 39 

Distribution  of  Translated  Standards, — In  Bulletin  No.  3,  Octo- 
ber 25,  1921,  the  Executive  Committee  announced  that  the  EngUsh- 
French  editions  of  sixty-one  A.S.T.M.  specifications  had  been  pub- 
lished by  the  U.  S.  Department  of  Commerce  in  pursuance  of  previous 
agreement  and  that  the  Department  was  distributing  copies  in  those 
countries  where  the  translations  are  applicable.  Certain  members  of 
the  Society  interested  in  export  trade  have  effectively  aided  the 
Department  of  Commerce  in  making  these  specifications  better  known 
and  more  widely  used  abroad. 

Plans  are  being  laid  for  the  translation  of  about  forty  of  these 
specifications  into  Portuguese  and  the  printing  of  an  English-Portu- 
guese edition  for  use  in  Brazil. 

Through  the  personal  interest  of  D.  E.  Douty,  a  member  of  the 
Executive  Committee,  who  has  been  in  China  for  the  major  part  of 
a  year,  plans  are  being  consummated  for  the  .sale  of  the  Society's 
publications  through  a  local  publication  house  in  Shanghai,  and  the 
Secretary-Treasurer  has  written  to  over  250  engineers  and  others  in 
China  who  are  presumed  to  be  interested  in  standards  for  materials, 
pointing  out  the  value  to  them  of  the  Society's  standards.  In  this 
way  it  is  hoped  to  aid  the  industrial  development  of  China  and  assist 
the  Department  of  Commerce  in  its  endeavors  to  extend  export  trade. 

In  order  to  make  the  Society's  standards  better  known  abroad, 
and  available  for  consultation  in  connection  with  export  orders,  com- 
plimentary copies  of  the  standards  and  tentative  standards  have  been 
sent  to  the  foreign  embassies  and  legations  at  Washington  and  to  our 
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conunercial  attaches  and  trade  commissioners  in  foreign  countries, 
with  an  appropriate  letter  calling  attention  to  the  Society's  activities 
and  to  the  importance  that  its  standards  have  assumed  in  this  coimtry. 
Distribution  of  A.S.TM.  Preprints. — During  the  year  careful 
consideration  was  given  by  the  Executive  Committee. and  Committee 
E-6  on  Papers  and  Publications  to  our  policy  in  the  matter  of  distri- 
bution of  preprints.  It  was  decided  to  place  before  the  membership 
several  alternative  plans  of  distribution  that  have  been  proposed  at 
yarious  times  and  this  was  done  fully  in  Bulletin  No.  4,  January  30, 
1922,  in  the  form  of  a  questionnaire,  returns  of  which  were  canvassed 
in  April.    These  returns  are  here  summarized  as  a  matter  of  record: 

VOTBS. 

Plan  1. — The  plan  now  in  force,  namely,  mail  to  all  members  in  advance 
of  meeting  all  committee  reports  and  as  many  papers  as  possible,  and 
to  distribute  a  complete  set  of  reports  and  papers  to  each  member 
attending  the  meeting 171 

Plan  2. — Same  as  at  present,  except  that  only  the  reports  and  papers  not 
mailed  in  advance  would  be  distributed  at  meeting 240 

Plan  3. — Mail  all  reports  in  advance;  mail  papers  in  advance  only  to 
members  requesting  them;  and  distribute  complete  set  at  meeting. . .     51 

Plan  4. — Mail  in  advance  of  meeting  only  those  reports  and  papers  mem- 
bers have  requested  be  sent  them;  and  distribute  complete  set  of 
reports  and  papers  at  meeting 335 

Special  Comments 22 

Total  number  of  returns 819 

In  the  light  of  these  returns  and  after  a  full  discussion  of  the 
matter  of  policy  involved,  the  Executive  Committee  has  adopted 
Plan  4  as  the  future  policy  and  will  put  it  into  effect  for  the  annual 
meeting  in  1923,  as  announced  in  Bulletin  No.  5.  Such  modifica- 
tions of  our  present  regulations  as  will  be  necessary  in  putting  this 
plan  into  effect  will  be  considered  jointly  by  the  Executive  Committee 
and  Committee  E-5  on  Standing  Committees. 

Distribution  of  Regular  Publications. — There  has  also  been  con- 
sidered during  the  year  the  matter  of  policy  involved  in  the  plan  of 
distributing  regular  publications,  that  is,  the  Year  Book,  Book  of 
Standards  with  supplements,  and  the  annual  Proceedings.  Sugges- 
tions having  come  to  the  Executive  Committee  that,  notwithstanding 
the  fact  that  these  are  regular  publications,  there  may  be  some  mem- 
bers who  may  care  to  receive  only  certain  of  these  books  or  certain 
portions  of  them  if  they  were  published  in  sections,  the  Executive 
Committee  obtained  an  expression  of  opinion  from  the  membership 
through  the  issuance  of  a  questionnaire  in  Bulletin  No.  4.    The  returns 
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from  that  questionnaire,  as  announced  in  Bulletin  No.  5,  give  over- 
whelming evidence  of  the  desire  of  the  members  who  replied  to  receive 
all  of  the  regular  Society  publications.  In  answer  to  the  question: 
"Do  you  believe  the  Society  should  adopt  a  policy  of  distributing 
regular  publications  only  to  those  members  who  state  their  desire  to 
receive  specific  ones?"  430  members  answered  "yes"  and  357  "no." 
Of  the  affirmative  votes,  however,  330  members  indicated  that  should 
this  poUcy  be  adopted  they  would  nevertheless  desire  to  receive  com- 
plete sets  of  the  Society's  publications.  In  brief,  about  85  per  cent 
of  all  who  replied  to  the  questionnaire  indicated  their  wish  to  receive 
all  publications  of  the  Society  whatever  policy  was  adopted.  The 
Executive  Committee  therefore  voted  to  continue  the  present  policy 
of  the  Society  and  has  directed  Committee  E-6  on  Papers  and  Publi- 
cations to  consider  and  report  upon  a  plan  of  issuing  the  Book  of 
A.S.T.M.  Standards  in  sections  or  in  loose-leaf  binding,  in  such  a  way 
as  to  effect  maximum  economy  in  the  publication  of  that  volume  and 
at  the  same  time  make  it  possible  for  members  to  secure  in  most  con- 
venient form  those  groups  of  standards  which  they  especially  desire. 

Publication  of  Index  of  Proceedings ,  Vols,  XIII  to  XX. — The  cir- 
cularization  of  the  membership  of  the  Society  in  Bulletin  No.  4 
resulted  in  a  sufficient  mmiber  of  orders  to  warrant  the  publication  of 
an  Index  of  the  Proceedings  from  Vols.  XIII  to  XX  inclusive  (1913- 
1920)  on  the  basis  that  copies  will  be  furnished  at  cost  to  members 
ordering  them.  The  Executive  Committee  has  accordingly  author- 
ized the  Committee  on  Papers  and  Publications  to  proceed  with  the 
publication  of  this  volume,  and  the  endeavor  will  be  made  to  issue  the 
volume  this  year  to  members  who  order  it. 

Rotation  of  Annual  Meetings, — ^The  Executive  Committee 
announced  in  Bulletin  No.  5  that  an  analysis  of  a  questionnaire  on 
this  subject  issued  shortly  after  the  last  annual  meeting  had  indicated 
'  that  305  members  favored  the  plan  of  holding  annual  meetings  in 
different  places  in  succeeding  years,  while  182  had  opposed  this  plan. 
The  Executive  Committee  also  received  during  the  year  the  following 
resolution  from  Committee  E-6  on  Papers  and  Publications: 

*^  Whereas,  In  the  formulation  of  the  program  for  the  annual  meeting  of 
the  Society,  the  Committee  on  Papers  and  Publications  has  been  confronted 
with  the  diflficulty  of  providing  for  both  reports  of  standing  committees  and  the 
technical  papers  at  the  same  sessions,  which,  together  with  space  limitations  in 
the  Proc^ings,  has  resulted  in  the  committee  being  forced  to  reject  papers 
of  value;  and 

^^  Whereas y  There  seems  to  be  a  feeling  that  the  annual  meetings  are  losing 
to  some  extent  the  usual  interest  that  has  characterized  them  in  past  years,  by 
reason  of  the  necessity  of  presenting  both  committee  reports  and  papers  under 
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considerable  pressure  as  to  time,  with  little  opportunity  for  discussion,  which 
lends  interest  to  the  meetings;  and  . 

"Whereas,  The  rapidly  increasing  ntunber  of  interests  of  the  Society  are 
yearly  adding  to  these  difficulties;  therefore,  be  it 

"Resolved,  That  the  Executive  Committee  of  the  Society  be  requested  to 
give  immediate  and  careful  consideration  to  the  plan  of  holding  simultaneous 
sessions  during  the  annual  meeting;  and  further,  that  it  give  consideration  to 
the  desirability  of  holding  annually  two  meetings  of  the  Society,  one,  as  usual, 
in  June  for  the  consideration  of  standards  and  tentative  standards,  and  a  mid- 
winter meeting,  which  could  be  a  technical  session  for  consideration  of  papers 
on  testing  and  research." 

The  complete  report  of  a  special  committee  to  which  these  matters 
were  referred  was  published  in  Bulletin  No.  5,  in  pursuance  of  which 
the  Executive  Committee  has  continued  the  special  committee  to 
make  a  further  study  of  the  whole  matter,  especially  in  view  of  the 
recommendation  of  the  Committee  on  Papers  that  consideration  be 
given  to  the  desirability  of  holding  two  meetings  of  the  Society  a 
year.  The  Executive  Committee  also  authorized  the  Committee  on 
Papers  to  arrange  for  one  or  more  simultaneous  sessions  at  this  annual 
meeting  if  necessary,  and  an  examination  of  the  program  shows  that 
it  was  found  necessary  to  hold  two  such  sessions  in  order  to  complete 
the  business  of  the  meeting  within  the  allotted  time. 

Specifying  of  Patented  Apparatus  in  Standards, — ^As  announced  in 
Bulletin  No.  3,  October  25,  1921,  the  Executive  Committee  has 
executed  for  the  Society  an  agreement  with  the  C.  J.  Tagliabue  Manu- 
facturing Co.  providing  for  the  issuance  by  that  company  of  licenses, 
for  the  nominal  sum  of  $1,  to  other  manufacturers  approved  by  the 
Executive  Committee  of  the  Society  permitting  them  to  make  the 
Tag  Closed  Tester,  as  specijSed  in  the  Society's  Standard  Methods  of 
Test  for  Flash  Point  of  Volatile  Flammable  Liquids  (D  56  -  21),  under 
certain  stipulated  conditions.  The  wording  of  the  agreement  was 
published  in  full  in  the  Bulletin. 

Promotion  of  Knowledge  of  Engineering  Materials. — It  will  be 
recalled  that  in  its  last  annual  report  th,e  Executive  Committee  stated 
that  it  had  under  consideration  the  broad  problem  of  stimulating  the 
study  of  properties  of  materials  and  was  addressing  itself  to  the 
question  "How  can  research  and  investigation  of  engineering  materials 
be  stimulated  in  the  Society?"  The  outcome  of  discussion  of  this 
subject  during  the  year  may  be  expressed  most  readily  by  quoting 
from  the  report  of  the  special  committee  which  is  charged  by  the 
Executive  Committee  with  the  consideration  of  the  subject,  which 
report  was  accepted  by  the  Executive  Committee  as  one  of  progress. 
Certain  suggestions  outlined  in  this  report  have  been  carried  out 
successfully  this  year,  especially  the  stimulation  of  study  of  methods 
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of  testing  by  the  various  standing  committees  and  the  constructive 
planning  of  the  program  of  the  annual  meeting  by  the  Committee  on 
Papers.  The  S)maiposiirai  on  Impact  of  Materials  as  well  as  several 
of  the  formal  discussions  that  are  announced  on  the  program  are 
directly  the  outcome  of  such  constructive  planning. 

Report  of  Special  Committee. 

"The  report  of  this  committee  presented  April,  1921,  contained  certain 
recommendations  which  were  formally  adopted  by  the  Executive  Committee  and 
others  which  were  simply  received  in  the  natiire  of  a  progress  report,  as  dsked 
by  the  committee. 

"One  of  the  things  that  has  been  accomplished  is  the  carrying  out  of  the 
suggestion  that  there  should  be  brought  to  the  attention  of  the  standing  com- 
mittees, through  Committee  £-1,  the  thought  that  our  committees  should  'culti- 
vate the  field  of  methods  of  testing  as  intensively  as  they  have  the  field  of 
specifications.'  This  matter  was  discussed  at  a  meeting  of  Committee  £-1  and 
brought  to  the  attention  of  each  standing  committee  through  a  suitable  drcular 
letter.  In  addition,  Committee  £-1  has  mapped  out  a  program  of  study  from 
a  fundamental  basis  of  the  various  methods  of  test  in  the  Society,  dividing  ihem 
into  suitable  groups.  Pour  sub-committees  are  now  acttially  organized  and 
functioning,  e.  ;.,  Revision  of  Methods  of  Testing;  Plasticity,  Consistency,  etc.; 
Volatility;  and  Water  in  Bituminous  Materials.  The  committee  is  now  engaged 
in  the  study  of  methods  of  tests  falling  within  other  groups,  with  a  view  of 
organizing  suitably  representative  sub-oommittees  to  review  those  tests  in  the 
same  way. 

"One  of  the  sections  of  the  committee's  report  of  a  year  ago  which  was 
accepted  as  a  report  of  progress  referred  to  the  stimulation  of  research  and 
investigation  of  materials,  first  by  individuals  and  second  by  committees. 

'*  Research  by  Individuals. — ^There  were  three  suggestions  under  this  head- 
ing: (a)  Bringing  th&  matter  to  the  attention  of  committees  and  members  of 
the  Society;  (p)  establishing  prizes  for  papers  presented  to  the  Society  which 
advanced  the  kaowledge  of  materials  in  marked  degree;  and  (c)  constructive 
planning  of  the  program  of  our  meeting  by  the  Committee  on  Papers. 

"Regarding  (o),  this  subject  has  been  mentioned  each  year  for  several 
years  to  the  committee  chairmen  and  has  resulted  in  our  securing  in  the  aggre- 
gate quite  a  few  papers  of  value.  Mention  of  the  matter  in  the  Bidletin  has 
been  deferred  until  something  more  substantial  and  definite  than  at  present 
can  be  written  about  our  plans  in  this  direction. 

"Item  (6)  has  not  yet  been  acted  upon.  The  subject  could  be  referred  to 
the  Papers  Committee  either  with  or  wiliiout  an  expression  of  opmiotx  from  the 
Executive  Committee.  As  suggestions,  the  Society  might  establish  two  prizes 
from  its  general  funds,  named  in  honor  of  Doctor  Dudley  and  Doctor  Marburg, 
the  prizes  to  be  awarded  for  the  best  paper  in  certain  fields  to  be  determined. 
For  example,  the  Dudley  prize  could  be  given  for  the  best  paper  dealing  with 
materials  used  in  railroads,  and  the  Marburg  prize  for  the  best  paper  on  a  method 
of  testing.  Furthermore,  it  should  not  be  particularly  difficult,  should  we  adopt 
this  plan,  of  securing  funds  for  the  estabiishment^of  prizes  to  stimulate  studies 
in  particular  fields. 


Digitized  by 


Google 


62  Annual  Report  of  the  Executive  Committee. 

"The  Committee  on  Papers  has  taken  hold  actively  of  the  suggestions  in 
item  (c).  There  was  more  constructive  planning  of  our  program  this  year  than 
ever  bdFore.  Discussions  are  being  arranged  for  such  subjects  as  Coal  Specifi- 
cations, Inspection  of  Concrete,  Fatigue  of  Metals,  Tests  of  Steel  Castings  and 
Impact  Testing.  An  effort  is  being  made  to  emphasize  the  technical  papers 
rather  than  the  standards  at  this  meeting,  particularly  because  of  the  fact  that 
last  year  standards  had  to  be  emphasized  in  view  of  the  forthcoming  1921  Book 
of  Standards.  While  it  is  true  that  some  of  the  investigations  to  be  described 
have  been  and  will  be  immediately  applied  to  standardization  work  {e,  g.,  the 
work  on  steel  castings),  some  of  the  ottiers,  such  as  fatigue  of  metals  and  impact 
testing,  are  being  developed  purely  to  advance  knowledge  of  materials  without 
regard  to  standardization. 

^'Research  by  Committees. — In  the  report  of  a  year  ago  the  committee  sug- 
gested certain  questions.  The  general  consensus  of  opinion  was  that  we  should 
move  slowly  in  the  matter  of  creating  separate  standing  committees  of  the 
Society  to  deal  with  problems  of  research  per  se.  It  was  felt  that  where  existing 
committees  were  able  to  do  such  work  effectively,  they  should  be  used,  and 
that  the  consideration  of  organization  of  research  committees  (probably  of 
limited  membership)  to  study  the  properties  of  materials  should  be  undertaken 
only  where  there  is  a  very  evident  demand  for  such  committees.  There  was 
also  discussed  at  that  time  our  relationship  to  research  through  our  representa- 
tation  on  the  Engineering  Division  of  the  National  Research  Council,  and  it 
was  recognized  as  advantageous  that  the  Executive  Committee  is  constituted 
as  an  advisory  committee  on  research  of  engineering  materials  to  the  Engineer- 
ing Division.  The  one  specific  instance  that  came  up  during  the  year  touching 
upon  our  relationship  to  the  National  Research  Council  is  the  work  of  their 
Committee  on  Hardness  Testing  of  Metals.  It  is  the  thought  of  the  committee 
that  this  Research  Committee  on  Hardness  Testing  of  Metals  has  a  field  which 
lies  for  the  most  part  within  that  of  our  Society  and  that  we  should  in  some 
suitable  way  act  as  a  sponsor  for  the  work  of  the  committee. 

"The  committee  also  points  out  that  the  Sjrmposium  on  Impact  Testing 
being  arranged  by  the  Committee  on  Papers  may  perhaps^bring  out  the  desira- 
bility of  studying,  through  some  committee,  the  real  significance  of  the  impact 
test  and  the  property  or  properties  of  materials  that  are  developed  by  that  test. 

"Briefly,  then,  the  committee  has  to  report  that  certain  definite  suggestions 
have  been  put  into  effect  and  that  it  is  waiting  developments  in  these  directions 
before  undertaking  an)rthing  more  extensive.  It  seems  evident  that  the  develop- 
ment of  research  in  the  A.S.T.M.  to  promote  knowledge  of  materials  per  se 
must  be  a  matter  of  growth  just  as  our  present  machinery  for  the  production 
of  standards  has  grown  from  the  organization  of  the  Society  over  twenty  years 
ago.  In  submitting  this  report  of  progress  during  the  year  the  committe.*  would 
request  that  it  be  continued  with  such  instructions  that  the  Exec 
mittee  may  wish  to  give. 

"Respectfully  submitted  by  the  committee, 

G.  Aertsen, 

E.   D.  BOYER, 

G.  K.  Burgess, 

D.  E.  DouTY, 

C.  L.  Warwick,  Chairman" 
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American  Engineering  Standards  Committee. — Past-President  J.  A. 
Capp  has  been  reappointed  for  three  years  as  one  of  the  Society's 
representatives  on  the  Standards  Committee.  The  death  of  Past- 
President  A.  W.  Gibbs  creates  a  vacancy  in  our  representation  which 
will  be  filled  by  appointment  during  the  annual  meeting. 

Members  of  the  Society  have  been  kept  acquainted  through 
various  issues  of  the  Bulletin  with  the  activities  of  the  Society  and 
its  committees  in  relation  to  the  work  of  the  American  Engineering 
Standards  Committee.  Accordingly  it  will  be  necessary  in  this  report 
only  to  mention  as  a  matter  of  official  record  certain  happenings 
during  the  year  and  to  refer  to  cooperative  relations  that  are  in  course 
of  development  which  involve  the  Society's  relations  with  the  Stand- 
ards Committee  and  the  U.  S.  Department  of  Commerce. 

The  Standard  Specifications  and  Tests  for  Portland  Cement 
(C  9  -  21)  have  been  formally  approved  by  the  Standards  Committee 
as  "American  Standard"  and  the  Society  has  been  designated  as  the 
sponsor  for  this  standard.  This  is  the  first  of  our  standards,  and  inci- 
dentally the  first  specification  for  a  material,  that  has  received  this 
official  designation. 

The  following  thirteen  Society  standards  have  been  formally 
approved  as  "Tentative  American  Standard": 

Standard  Specifications  for:  r 

Fire  Tests  of  Materials  and  Construction  (C  19  -  18) ; 
Drain  Tile  (C  4 -21); 
Soft  or  Annealed  Copper  Wire  (B  3  - 15); 
Lake  Copper  Wire  Bars,  Cakes,  Slabs,  Billets,  Ingots  and  Ingot  Bars 

(B4-13); 
Electrolytic  Copper  Wire  Bars,  Cakes,  Slabs,  Billets,  Ingots  and  Ingot 

Bars  (B  5 -13); 
Cold-Drawn  Bessemer  Steel  Automatic  Screw  Stock  (A  32  -  14) ; 
Cold-Drawn  Open-Hearth  Steel  Automatic  Screw  Stock  (A  54 -15). 

Standard  Methods  of: 

Test  for  Toughness  of  Rock  (D  3  -  18); 

Test  for  Softening  Point  of  Bituminous  Materials  Suitable  for  Road 

Treatment  (D  20  - 18) ; 
Sampling  Coal  (D  21  - 16); 
Battery  Assay  ofCopper  (B  34  -  20); 
Chemical  Analysis  of  Manganese  Bronze  (B  27  -  19) ; 
Chemical  Analysis  of  Gun  Metal  (B  28  - 19). 

The  Society-has  been  designated  as  sponsor  for  Methods  of  Chemical 
Analysis  of  Manganese  Bronze  and  of  Gun  Metal,  and  joint  sponsor 
with  the  Department  of  Agriculture  for  the  Drain  Tile  Specifications. 
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The  following  ten  standards  have  also  been  submitted  for  approval 
as  Tentative  American  Standard  and  are  now  receiving  consideration: 

Standard  Specifications  far: 

Carbon-Steel  and  Alloy-Steel  Forgings  (A18  -  21) ; 

Quenched-and-Tempered  Carbon-Steel  Axles,  Shafts,  and  Other  Forg- 
ings for  Locomotives  and  Cars  (A  19  -  21) ; 

Qnenched-and-Tempered  Alloy-Steel  Axles,  Shafts,  and  Other  Forgings 
for  Locomotives  and  Cars  (A  63  -  21); 

Carbon-Sted  Forgings  for  Locomotives  (A  20  -  21) ; 

Carbon-Steel  Car  and  Tender  Axles  (A  21  -  18). 

Purity  of  Raw  Linseed  Oil  from  North  American  Seed  (D  1  -  15) ; 

Purity  of  Boiled  Linseed  Oil  from  North  American  Seed  (D  11  -  15). 
Standard  Methods  of: 

Test  for  Penetration  of  Bituminous  Materials  (D  5  -  21); 

Chemical  Analysis  of  Alloys  of  Lead,  Tin,  Antimony  and  Copper 
(B  18-21); 

Laboratory  Sampling  and  Anal3rsis  of  Coke  (D  37  -  21). 

Some  fifteen  additional  standards  have  been  recommended  by 
the  standing  committees  concerned  to  the  Executive  Committee  for 
submission  in  this  way  to  the  Standards  Committee. 

The  Society  has  been  designated  as  joint  sponsor  with  other 
organizations  for  the  following  standardization  projects  relating  to 
engineering  materials: 

With  the  American  Zinc  Institute,  the  Sopiety  is  sponsor  for  a 

Sectional  Committee  on  Zinc  and  Zinc  Ores,  whose  organization  was 

mentioned  in  the  last  annual  report.     The  work  of  this  sectional 

'  Committee  is  well  under  way  and  has  been  closely  coordinated  with 

that  of  our  Committee  B-2  on  Non-Ferrous  Metals  and  Alloys. 

With  nine  other  national  organizations,  the  Society  is  joint 
sponsor  for  the  Sectional  Committee  on  Insulated  Wire  and  Cables 
for  Other  Than  Telephone  and  Telegraph  Use.  This  Sectional  Com- 
mittee was  formally  organized  in  January,  1922,  the  Society's  repre- 
sentatives being  W.  H.  Bassett  and  F.  M.  Farmer.  The  Society  has 
taken  an  active  part  in  the  development  of  this  Sectional  Cormnittee. 
Two  of  its  sub-committees,  on  Copper  Conductors  and  on  Rubber 
Insulation,  are  under  the  chairmanship  respectively  of  J.  A.  Capp, 
Chairman  of  the  Society's  Committee  B-1  on  Copper  Wire,  and  F.  M. 
Farmer,  Chairman  of  Committee  D-11  on  Rubber  Products,  thus 
insuring  absolute  coordination  of  work  on  these  materials.  Other 
committees  of  the  Society  who  have  under  consideration  materials 
used  in  the  construction  of  wire  and  cable  are  Committees  B-2  on 
Non-Ferrous  Metals  and  Alloys  and  D-9  on  Electrical  Insulating 
Materials,  and  these  conmiittees  are  also  represented  on  the  various 
sub-committees  of  the  Sectional  Committee.     Coincident  with  the 
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organization  of  this  Sectional  Committee^  the  Society  was  invited  to 
take  over  the  work  of  the  Joint  Rubber  Insulation  Committee  which 
had  fonnulated  the  procedure  for  analysis  of  rubber  compound.  This 
invitation  has  been  accepted  and  the  development  of  the  nfiatter  placed 
in  the  hands  of  our  Committee  D-ll,  as  previously  announced  in 
Bulletin  No.  3. 

The  U.  S.  Forest  Service  and  the  Society  have  been  designated  as 
joint  sponsors  for  the  development  of  Methods  of  Testing  Wood,  and 
the  organization  of  a  Sectional  Committee  on  this  subject  is  in  process. 

The  Society  is  also  represented  on  the  following  Sectional  Com- 
mittees under  the  sponsorship  of  other  organizations: 

Sectional  Committee  on  Tie  Specifications  under  the  sponsorship 
of  the  American  Railway  Engineering  Association  and  the  Forest 
Service,  represented  by  A.  L.  Kuehn,  with  H.  P.  Hass  as  alternate. 

Sectional  Committee  on  Conductivity  of  Aluminum  under  the 
sponsorship  of  the  American  Institute  of  Electrical  Engineers, 
represented  by  J.  M.  Darke. 

Sectional  Committee  on  Aeronautical  Safety  Code  under  the 
sponsorship  of  the  U.  S.  Bureau  of  Standards  and  the  Society  of 
Automotive  Engineers,  represented  by  the  Secretary-Treasurer. 

The  Executive  Committee  is  giving  consideration  to  the  matter 
of  cooperation  with  the  Sectional  Committee  on  Standardization  of 
Shafting  inasmuch  as  certain  questions  have  arisen  that  make  it  desir- 
able for  Committee  A-1  on  Steel  to  prepare  specifications  for  the 
quality  of  shafting  which  will  involve  the  matter  of  tolerances,  a 
subject  that  is  also  being  considered  by  the  above  mentioned  Sectional 
Committee. 

The  members  of  the  Society  are  probably  familiar  through  notices 
in  the  technical  and  daily  press  of  the  organization  by  Secretary  of 
Commerce  Hoover  in  the  Department  of  Commerce  of  a  Division  of 
Simplified  Practice  for  the  purpose  of  aiding  the  industries  of  the 
country  in  the  elimination  of  waste,  notably  through  the  simplifica- 
tion of  practice  such  as  reduction  of  number  of  varieties  and  sizes 
of  manufactured  products.  A  notable  instance  of  an  effort  in  this 
direction  is  the  agreement  between  the  producers  and  users  to  reduce 
variety  and  sizes  of  vitrified  paving  brick  as  an  outcome  of  a  confer- 
ence, at  which  the  Society  was  duly  represented  and  concerning  which 
our  Committee  C-3  on  Brick  is  maJking  recommendations  at  this 
annual  meeting.  Announcement  of  this  conference  was  made  in  a 
recent  issue  of  the  Bulletin. 

In  some  respects  the  activities  of  the  Division  of  Simplified 
Practice  are  closely  related  to  the  aims  and  objects  of  the  American 
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Engineering  Standards  Committee,  in  which  are  represented  the  lead- 
ing engineering  organizations  of  the  country  and  many  large  industrial 
organizations  whose  activities  are  closely  related  to  engineering. 
Conferences  between  the  Standards  Committee  and  the  Division  of 
Simplified  Practice  have  led  to  the  formulation  of  plans  for  cooperation 
by  which  the  Standards  Committee  will  be  represented  on  the  Divi- 
sion by  Past-President  A.  A.  Stevenson,  who  is  one  of  the  Society's 
representatives  on  the  Standards  Committee.  It  is  the  understanding 
of  the  Executive  Committee  that  in  the  further  development  of  this 
plan  for  simplifsdng  practice  in  the  industries,  the  Department  of 
Commerce  will  look  to  the  American  Engineering  Standards  Com- 
mittee to  see  that  the  engineering  and  allied  technical  organizations 
of  the  country  are  properly  represented. 

Since  the  work  that  will  be  undertaken  jointly  by  the  Standards 
Conmiittee  and  the  Division  of  Simplified  Practice  will  frequently  be 
of  immediate  concern  to  A.S.T.M.  committees,  the  Executive  Com- 
mittee has  been  interested  in  the  formulation  of  the  plans  for  coopera- 
tion to  the  end  that  our  committees  may  be  given  an  opportimity  to 
be  represented  at  any  of  these  simplification  conferences  that  touch 
their  activities.  Accordingly  suitable  commimications  have  been 
addressed  to  the  Standards  Committee  and  to  the  Secretary  of  Com- 
merce stating  that  the  Society  is  entirely  in  sympathy  with  the  means 
that  have  been  taken  to  bring  about  closer  cooperation  between  the 
Standards  Committee  and  the  Department  of  Commerce  and  express- 
ing our  desire  that  our  various  standing  coramittees  shall  be  directly 
represented  at  such  conferences  as  concern  them.  In  view  of  the 
importance  of  this  subject,  the  Executive  Committee  has  addressed  a 
letter  of  explanation  to  the  officers  of  all  standing  committees.. 

Building  Code  Committee  of  the  Department  of  Commerce. — ^Upon 
invitation  of  the  Secretary  of  Commerce,  the  Society  has  been  cooper- 
ating with  the  Building  Code  Committee  appointed  by  the  Depart- 
ment of  Commerce  to  define  some  of  the  needless  variations  and  dis- 
agreements in  building  codes  and  to  suggest  amendments.  A  complete 
set  of  the  Society's  standards  and  tentative  standards  was  furnished 
to  the  committee.  A  tentative  report  of  the  committee  on  the  subject 
"Recommended  Minimum  Requirements  for  Small  House  Construc- 
tion," issued  in  limited  edition  for  criticism,  recommends  the  use  of 
many  of  the  Society's  standards  for  materials,  and  at  the  request  of 
the  committee  the  report  has  been  referred  to  the  committees  of  the 
Society  interested  for  criticism  and  comment. 

Cooperation  with  Federal  Specifications  Board. — ^The  Executive 
Committee  has  noted  with  interest  the  organization  of  the  Federal 
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Specifications  Board  for  the  purpose  of  harmonizing  the  wide  variety 
of  specifications  used  in  the  several  Government  departments,  and 
has  formally  expressed  to  the  Board  the  willingness  of  the  Sodety 
to  cooperate  in  whatever  way  is  possible  in  the  field  of  the  Society's 
activities.  The  means  established  by  the  Federal  Specifications 
Board  for  cooperation  with  non-Government  bodies  is  through  the 
formation  of  advisory  committees,  upon  two  of  which  the  Society  is 
now  represented  by  invitation,  namely,  Committee  on  Standardization 
of  Petroleimi  Specifications,  by  T.  G.  Delbridge,  and  the  Committee 
on  Refractories,  by  W.  H.  Fulweiler. 

Division  of  Engineeringy  National  Research  Council. — Recent  issues 
of  the  Bulletin  have  carried  mention  of  cxirrent  happenings  in  the 
relations  of  the  Society  with  the  Engineering  Division  of  the  National 
Research  Council.  Subjects  with  which  we  have  been  in  touch  include 
the  work  of  the  Advisory  Committee  on  Highway  Research,  the  work 
of  the  Division's  Committee  on  Corrosion,  upon  which  W.  H.  Bassett 
and  D.  M.  Buck  have  been  appointed  as  Society  representatives,  and 
the  work  of  the  Division's  Committee  on  Hardness  Testing  of 
Metals. 

During  the  year  certain  activities  of  the  American  Bureau  of 
Welding,  which  is  one  of  the  Advisory  Boards  of  the  Division  of  Engi- 
neering, have  been  of  particular  interest  to  our  Society,  especially 
those  relating  to  the  work  of  committees  of  the  Bureau  on  Sp^ifica- 
tions  for  Steel  to  be  Welded  and  Specifications  for  Welding  Wire. 
E.  F.  Kenney  and  H.  L.  Whittemore  have  been  appointed  to  represent 
Committee  A-1  on  Steel  on  the  former  committee,  and  Mr.  Whitte- 
more  to  represent  Committee  A-1  on  the  latter  committee.  Expedally 
in  the  case  of  the  former  committee  has  it  seemed  to  be  most  desirable 
to  prevent  any  duplication  of  work  and  to  keep  the  Bureau  of  Welding 
in  close  touch  with  the  specification  work  of  our  own  committee. 

On  invitation  from  tiie  Joint  Molding  Sand  Research  Committee, 
which  was  organized  under  the  sponsorship  of  the  Engineering  Division 
of  the  National  Research  Council  and  the  American  Foundrymen's 
Association,  Vice-President  G.  K.  Burgess,  Past-President  G.  H. 
Clamer  and  Richard  Moldenke  have  been  appointed  to  represent  the 
Society  on  that  joint  committee,  especially  to  aid  in  the  formulation 
of  tests  for  molding  sand. 

Cooperation  with  A.S.M.E.  Boiler  Code  Committee. — Cooperation 
with  the  American  Society  of  Mechanical  Engineers  in  the  matter  of 
specifications  for  materials  included  in  the  Boiler  Code  of  that  Society 
has  been  actively  continued  throughout  the  year.  In  the  revision 
of  the  Boiler  Code  that  is  being  undertaken  by  the  Society  of  Mechan- 
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ical  Engineers,  the  standards  of  the  Sodety  for  materials  are  being 
used  as  the  basis  for  Boiler  Code  requirements.  A  conference  of 
duly  authorized  representatives  of  the  two  societies  has  resulted  in 
agreement  on  nearly  all  points  of  difference  that  were  found  between 
the  Society's  standards  and  those  of  the  Boiler  Code  and  these  several 
points  are  under  discussion  now  in  the  appropriate  committees  of  the 
ti^o  societies.  The  heartiest  spirit  of  cooperation  has  been  evidenced 
throughout  in  this  important  work,  to  the  end  that  the  Boiler  Code 
will  be  as  nearly  as  possible  in  accord,  in  so  far  as  materials  specifica- 
tions are  concerned,  with  A.S.T.M.  standards. 

Miscellaneous  Joint  Committees, — The  Society  has  continued 
during  the  past  year  its  participation  in  the  work  of  the  several  joint 
committees  upon  which  it  has  appointed  representatives,  as  follows: 

The  Joint  Committee  on  Investigation  of  Phosphorus  and  Sulfur 
in  Steel  has  completed  the  first  problem  undertaken,  the  study  of  the 
effect  of  sulfur  in  rivet  steel,  and  has  prepared  a  preliminary  report 
which  will  be  presented  at  this  annual  meeting.  The  investigation 
of  the  effect  of  sulfur  in  structural  steels  and  in  forging  steels  is  well 
advanced. 

The  Joint  Committee  on  Specifications  for  Steel  Castings  for 
Railways  consisting  of  representatives  of  the  Sodety  and  the  American 
Railway  Assodation,  Mechanical  Division,  after  investigation  extend- 
ing over  two  years,  has  presented  a  report  to  the  constituent  sodeties, 
which  is  being  transmitted  to  the  Sodety  at  this  annual  meeting  by 
Committee  A-1  on  Steel.  The  report  embodies  proposed  Tentative 
Specifications  for  Steel  Castings  for  Railroads. 

A  report  of  progress  will  be  presented  at  this  meeting  by  our 
representatives  on  the  Joint  Committee  on  Standard  Specifications 
for  Concrete  and  Rdnforced  Concrete.  The  committee  has  carefully 
considered  all  criticisms  of  its  progress  report  submitted  a  year  ago 
and  is  awaiting  the  result  of  certain  important  investigations  before 
proceeding  with  the  preparation  of  a  report  embodying  final  recom- 
mendations regarding  specifications. 

The  Sodety's  representatives  on  the  Joint  Committee  on  Concrete 
Culvert  Pipe  will  present  at  this  meeting  a  report  of  substantial 
progress  of  the  work  of  this  committee. 

Progress  has  been  reported  in  the  Bulletin  in  the  matter  of 
pattern  standardization,  which  is  in  charge  of  a  Joint  Committee  on 
Standard  Pattern  Practice  organized  under  the  sponsorship  of  the 
American  Foundrymen's  Association. 

Upon  joint  invitation  of  the  U.  S.  Bureau  of  Standards  and  the 
U.  S.  Bureau  of  Mines,  the  Sodety  has  appointed  J.  A.  Mathews  as 
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its  representative  in  an  investigation  on  breakage  and  heat  treatment 
of  rode  drill  steels.  Vice-President  G.  K.  Burgess  has  been  appointed 
as  our  representative  on  an  informal  Committee  on  Gage  Steel,  organ- 
ized at  the  suggestion  of  the  Ordnance  Department,  U.  S.  A.  D.  L. 
Quinn  has  been  appointed  from  Committee  D-10  on  Shipping  Con- 
tainers to  represent  the  Society  on  a  committee  that  has  been  formed 
by  the  Bureau  of  Explosives  at  the  request  of  the  American  Railway 
Association  to  make  an  investigation,  from  an  engineering  standpoint, 
of  shipping  containers. 

Other  Cooperative  Work. — ^Among  other  cooperative  work  of  the 
Society  that  has  been  formally  instituted  this  year  may  be  mentioned 
the  following: 

Committee  D-5  on  Coal  is  cooperating  with  the  American  Chem- 
ical Society,  American  Gas  Association,  National  Association  of  Pur- 
chasing Agents,  American  Mining  Congress,  and  the  American  Society 
of  Mechanical  Engineers  in  various  phases  of  its  activities.  Committee 
B-1  on  Copper  Wire  is  cooperating  with  a  similar  committee  of  the 
American  Electric  Railway  Association  in  an  endeavor  to  harmonize 
the  specifications  of  the  two  bodies  for  trolley  wire.  Close  relations 
have  been  established  between  our  Society  and  the  Society  of  Automo- 
tive Engineers  in  the  matter  of  steel  specifications  through  the  appoint- 
ment of  F.  P.  Gilligan  as  a  representative  of  the  S.A.E.  Iron  and  Steel 
Division  on  Sub-Committee  X  on  Automobile  Steels  of  Committee  A-1 , 
and  Albert  Ladd  Colby  as  a  representative  of  Sub-Committee  X  on 
the  Iron  and  Steel  Division;  also  through  the  appointment  of  W.  C. 
Peterson  as  a  representative  of  the  S.A.E.  Iron  and  Steel  Division  on 
Sub-Committee  XIX  on  Sheet  Steel  and  Steel  Sheets  of  Committee 
A-1,  and  G.  M.  Williams  as  a  representative  of  Sub-Committee  XIX 
on  the  Iron  and  Steel  Division.  The  Society  was  also  invited  to  name 
a  representative  on  the  Lubrication  Division  of  the  Society  of  Auto- 
motive Engineers  and  has  appointed  K.  G.  Mackenzie,  Secretary  of 
Committee  D-2  on  Petroleiun  Products  and  Lubricants,  as  the 
representative. 

Cooperation  between  Committee  D-2  on  Petroleum  Products  and 
Lubricants  and  the  Institute  of  Petroleum  Technologists  of  Great 
Britain  has  been  provided  for  through  the  appointment  of  a  repre- 
sentative of  that  Institute  on  our  committee.  It  is  hoped  in  this  way 
to  further  international  relations  in  this  important  field.  Committee 
D-2  has  also  established  cooperative  relations  with  the  American  Gas 
Association  in  the  consideration  of  specifications  for  gas  absorbent  oils. 

Cooperation  of  many  of  our  committees  with  appropriate  com- 
mittees of  the  American  Society  for  Municipal  Improvements  and 
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the  American  Ceramic  Society  has  been  facilitated  by  the  election  of 
those  societies  to  membership  in  our  Society  and  the  appointment  of 
their  representatives  upon  those  of  our  committees  in  whose  work 
they  are  particularly  interested.  These  appointments  should  be  of 
considerable  mutual  benefit  and  it  is  hoped  will  lead  to  adoption  of 
uniform  standards  in  the  several  societies. 

The  Society  is  represented  on  two  committees  that  are  advisory 
to  the  Bureau  of  Standards,  one  covering  the  field  of  non-ferrous  metals 
and  alloys  and  the  other  the  field  of  ferrous  metals.  The  Society's 
representatives  on  the  former  are  William  Campbell,  W.  R.  Webster, 
G.  H.  Clamer,  W.  H.  Bassett  and  N.  K.  B.  Patch.  On  the  latter  the 
representatives  recently  appointed  are  J.  H.  Parker  and  H.  T.  Morris. 

Respectfully  submitted  on  behalf  of  the  Executive  Committee, 

C.  D.  Young, 
PresidenL 
C.  L.  Warwick, 

Secretary-Treasurer. 
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REPORT  OF  COMMITTEE  A-1 

ON 

STEEL. 

During  the  past  year,  Committee  A-1  has  held  three  meetings, 
one  on  October  7,  1921,  the  second  on  March  3,  1922,  and  the  third  on 
April  21,  1922.  A  fourth  meeting  will  be  held  prior  to  the  presenta- 
tion of  this  report  to  the  Society,  at  which  the  report  will  be  briefly 
reviewed  and  other  matters  considered. 

The  Advisory  Committee  has  held  four  meetings,  at  which 
matters  concerning  the  general  administrative  affairs  of  the  committee 
were  considered. 

The  present  membership  of  the  committee  is  142,  of  which  78 
are  classed  as  non-producers  and  64  as  producers. 

Sub-CommiUees. — One  new  sub-committee  has  been  appointed 
during  the  year:  Sub-Committee  XIX  on  Sheet  Steels. 

The  committee  has  also  appointed  representatives  on  sub-com- 
mittees of  the  American  Bureau  of  Welding  and  the  Society  of  Auto- 
motive Engineers. 

Recommendations  Affecting  Standards  and 
Tentative  Standards. 

The  recommendations  of  the  committee  affecting  standards  and 
tentative  standards  are  presented  first  in  summarized  form  together 
with  an  analysis  of  the  letter  ballot  on  each  item.  They  are  then 
referred  to  where  necessary  in  greater  detail,  being  grouped  for  con- 
venience in  the  order  of  the  respective  sub-committee  directly  respon- 
sible for  them. 

/.  Proposed  Revisions  in  Standards. — ^The  committee  recom- 
mends that  the  revisions  in  the  following  standards,  which  are  given 
in  full  in  Appendix  I  to  this  report,  be  published  as  tentative  for  one 
year  before  referring  them  to  letter  ballot  of  the  Society  for  adoption 
as  standard: 

1.  For  Steel  Track  Spikes  (A  65  -  18). 

2.  For  Lap-Welded  and  Seamless  Steel  Boiler  Tubes  for  Loco^ 

motives  (A  28 -21). 

3.  For  Welded  and  Seamless  Steel  Pipe  (A  53  -  21). 

4.  For  Automobile  Carbon  and  Alloy  Steels  (A  29  -  21). 

5.  Standard  Methods  of  Chemical  Analysis  of  Plain  Carbon 

Steel  (A  33  -  14). 

(71) 
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6.  Standard   Methods   of   Chemical  Analysis   of  Alloy  Steels 

(A  55-15). 
//.  Proposed  New  TentcUive  Standard.— The   committee  recom- 
mends that  the  following  new  specifications,  which  are  appended  to 
this  report,^  be  accepted  for  publication  as  tentative: 

7.  For  Carbon-Steel  Castings  for  Railroads. 

///.  Tentative  Standards. — ^The  committee  recommends  that  the 
following  tentative  standards  remain  as  tentative  for  another  year: 

For  Steel  Tie  Plates  (A  67  -  20  T). 

For  Boiler  and  Firebox  Steel  for  Stationary  Service  (A  70  -  21  T). 

For  Carbon  Tool  Steel  (A  71  -  21  T). 

For  Low-Carbon-Steel  Track  Bolts  (A  76  -  20  T). 

For  Electric  Cast  Steel  Anchor  Chain  (A  77  -  20  T). 

For  Steel  Plates  for  Forge  Welding  (A  78  -  21  J). 

For  Cold-Drawn  Steel  Wire  for  Concrete  Reinforcement 
(A82-21T). 

For  Lap-Welded  and  Seamless  Steel  and  Lap-Welded  Iron 
Boiler  Tubes  (A  83  -  21  T). 

The  above  recommendations  have  been  referred  to  letter  ballot 
of  the  committee,  which  consists  of  142  members:  109  ballots  have 
been  cast,  33  members  having  refrained  from  voting.  The  analysis  of 
the  vote  of  the  committee  is  given  in  the  following  table: 


AflSim- 
ttive. 


Nes- 

atire. 


Not 

Yotfaii.* 


I.   Pboposid  Rannoin  n  SxuisiBDa. 

LF«8teel'nrBdc8iH]cM(A«5-18) 

2.  For  WWelded  ami  Seamlcae  Stod  Bdler  Tabet  f or  LooooMti^ 

S.ForW3dfldMdSeam]MSteelFSpe(A5S-ai) 

4.ForAiikmol)iIoOtfbonMdAW8toelt(A20-21) 

i.SludtfdMelliodiorCheiniealA]ialyriiorFlunCbrboo8teel(A8S-U) 

«.StMidtfdMrtliodiofClumuedAiiiayBUorA]]«7  8teel0(AM-16) 

n.   FiukPosD  Nbw  TnrtiTnni  Starbabd. 
7.  ForOvboB-SteelOMtiDCBforRailrMuls. 


67 
56 
61 
56 
77 
77 


76 


44 

43 
41 
47 
SI 
SI 


SI 


Total  mmbtr  of  bdlota  out 

Nviibtr  of  BMmben  who  Culed  to  vote.. 


Total  mflmbenhip , 

•  Ib  this  oolimia  ii  raoorded  the  mimber  of  voteo  out  m  ** Not  Voting"  oo  the  Tttiooi  itemo. 


100 
8S 


142 


Submission  of  Specipications  to  the  American  Engineesing 
Standards  Committee. 

In  accordance  with  action  taken  at  the  meeting  held  on  March  3, 
1922,  the  following  specifications  have  been  approved  for  submission 
to  the  Secretary-Treasurer  for  transmission  to  the  American  Engineer- 
ing  Standards  Committee: 

^  See  p.  560.~Bd. 
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A     7-21  Structural  Steel  for  Bridges. 

A     8-21  Structural  Nickel  Steel 

A     9-21  Structural  Steel  for  Buildings. 

A  10-21  Structural  Steel  for  Locomotives. 

A  11-21  Structural  Steel  for  Cars. 

A  12-21  Structural  Steel  for  Ships. 

A  13-21  Rivet  Steel  for  Ships. 

A  14-16  Carbon-Steel  Bars  for  Railway  Springs. 

A  61-16  Helical  Steel  Springs  for  Railways. 

A  62-16  Elliptical  Steel  Springs  for  Railways. 

A  53-21  Welded  and  Seamless  Steel  Pipe. 
In  the  following  the  committee  presents  the  foregoing  recom- 
mendations in  detail  where  necessary,  as  well  as  other  features  of  its 
work,  grouped  for  convenience  in  the  order  of  the  respective  sub- 
committees responsible  for  them. 

Steel  Rails  and  Accessories  (Sub-Committee  I). 

This  sub-committee  has  been  giving  consideration  to  the  rail 
specifications  but  is  not  prepared  to  recommend  any  changes  at  this 
time.  The  proposed  change  in  the  requirements  of  Section  6  on 
Workmanship  of  the  Standard  Specifications  for  Track  Spikes 
(A  65-18)  is  submitted  for  approval. 

Structural  Steel  for  Bridges,  Buildings  and  Rolling  Stock 
(Sub-Committee  II). 

Sub-Committee  II  has  been  working  on  stiggested  revisions  of  the 
table  of  permissible  overweight  for  plates  ordered  to  thickness  in  all 
q>ecifications  tmder  its  jurisdiction,  but  is  not  yet  prepared  to  make 
any  definite  recommendations  for  revisions. 

Steel  Reinforcement  Bars  (Sub-Committee  V). 

This  sub-committee  has  arranged  to  be  represented  by  Messrs. 
C.  F.  W-  R3rs  and  £.  E.  Hughes  on  the  special  committee  which  has 
been  formed  by  the  Society  to  investigate  deformed  bars  for  concrete 
reinforcement. 

Steel  Tubing  and  Pipe  (Sub-Committee  IX). 

Sub-Committee  IX  has  reviewed  the  specifications  imder  its 
charge  and  is  recommending  a  change  in  the  title  of  the  table  in  the 
Standard  Specifications  for  Welded  and  Seamless  Steel  Kpc  (A  53  -*2l), 
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and  a  revision  of  Section  J4  (c)  of  the  Standard  Specifications  for  Lap- 
Welded  and  Seamless  Steel  Boiler  Tubes  for  Locomotives  (A  28  -  21), 
both  of  these  changes  being  for  the  purpose  of  clarifying  the  meaning 
of  the  sections  affected. 

Automobile  Steels  (Sub-Committee  X). 

This  sub-committee  has  reviewed  the  Standard  Specifications  for 
Automobile  Carbon  and  Alloy  Steels  (A  29-21)  and  recommends 
certain  revisions  in  order  to  harmonize  them  with  the  specifications 
of  the  Society  of  Automotive  Engineers. 

Boiler  Steel  (Sub-Committee  XI). 

This  sub-committee  has  under  consideration  the  question  of 
revising  the  table  of  permissible  tolerances  for  overweight  in  plates 
ordered  to  thickness  as  well  as  other  matters  affecting  its  specifica- 
tions, and  is  in  close  coimection  with  the  Boiler  Code  Committee  of 
the  American  Society  of  Mechanical  Engineers  through  the  Conference 
Committee  appointed  by  the  Society  for  that  purpose. 

Methods  of  Chemical  Analysis  (Sub-Committee  XII). 

Sub-Committee  XII  has  completed  the  work  of  revising  the  Stand- 
ard Methods  of  Chemical  Analysis  of  Plain  Carbon  Steel  (A  33  -  14) 
and  of  Alloy  Steels  (A  55-15)  and  submits  these  for  approval  as 
tentative  standards. 

The  chief  changes  in  the  Standard  Methods  of  Chemical  Analysis 
of  Plain  Carbon  Steel  comprise: 

1.  The  addition  of  an  optional  method  of  direct  weighing  of  the 
carbon  dioxide  obtained  in  direct  combustion,  and  the  omission  of  the 
colorimetric  method. 

2.  The  addition  of  an  optional  ferrous  sulfate  titration  in  the 
absence  of  high  chromium  in  the  bismuthate  method  for  manganese. 

3.  The  omission  of  the  colorimetric  method  for  manganese. 

4.  The  precipitation  of  barium  sulfate  in  a  reduced  iron  solution 
in  the  oxidation  method  for  sulfur. 

5.  The  optional  precipitation  of  copper  by  sodium  thiosulfate. 

6.  The  transferring  of  the  description  of  methods  of  analyses  for 
nickel  and  chromium  to  the  proper  alloy  steels. 

The  chief  changes  in  the  methods  of  chemical  analysis  of  alloy 
steels  comprise: 

1.  The  placing  of.  the  description  of  the  gravimetric  method  for 
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the  determination  of  nickel  under  the  heading  of  nickel  steel  and 
allowing  three  optional  methods  of  preparing  the  solution  for  the 
routine  cyanide  titration. 

2.  The  omission  of  the  zinc  oxide-bismuthate  method  for  manga- 
nese in  chrome-nickel  steel  and  the  substitution  of  the  hydrolysis- 
bismuthate  method. 

3.  The  omission  of  the  modified  routine  bismuthate  method  for 
manganese  in  chrome-nickel  steel  and  the  substitution  of  the  per- 
sulfate  method. 

4.  The  omission  of  the  fusion  method  for  chromium  in  chrome- 
nickel  steel  and  the  substitution  of  the  persulfate  oxidation  method. 

5.  The  omission  of  the  chlorate  and  the  permanganate  oxidation 
methods  for  the  determination  of  chromium  in  chrome-nickel  steel. 

6.  The  omission  of  the  methods  for  analysis  of  vanadium  steel 
and  the  inclusion  of  these  methods  with  chrome-vanadium  steel. 

7.  The  omission  of  the  phosphomolybdate-precipitation  and 
ether  extraction-hydrochloric  acid  reduction  methods  for  the  deter- 
mination of  vanadium  in  vanadium  steel  and  the  substitution  of  the 
electroljrtic  separation  and  the  routine  reduction  with  ferrous  sulfate 
and  titration  with  permanganate  methods. 

8.  The  omission  of  the  fusion  and  chlorate  methods  for  chromium 
in  chrome-vanadium  steel  and  the  substitution  of  the  persulfate 
oxidation  method. 

9.  The  condensing  of  directions  for  the  analysis  of  silico-man- 
ganese  steel  in  one  paragraph,  referring  to  the  Standard  Methods  of 
Chemical  Analysis  of  Plain  Carbon  Steel. 

10.  The  addition  of  methods  of  analsrsis  of  tungsten  and  of 
molybdenum  steel. 

The  ladle  test  ingot  investigation  has  been  completed  and 
the  report  of  the  sub-committee  received  by  Committee  A-1. 

Tool  Steel  (Sub-Committee  XIV). 

This  sub-committee  has  under  review  the  Tentative  Specifica- 
tions for  Carbon  Tool  Steel  (A  71  -  21  T)  and  also  has  a  sub-sub-com- 
mittee at  work  on  specifications  for  high-speed  tool  steel. 

CoMMERCL^L  Bar  Steels  (Sub-Committee  XV). 

This  sub-committee  has  been  instructed  to  consider  the  prepara- 
tion of  specifications  for  cold-finished  shafting,  providing  for  physical 
characteristics  of  the  material  and  tolerances. 
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LiTEBARY  Form  (Sub-Committee  XVII). 

This  sub-committee  considered  the  question  of  the  proper  order 
of  reporting  chemical  elements  and  physical  properties  of  steel. 
This  subject  was- referred  to  Committee  A-1  by  Committee  A-4,  and 
the  work  of  the  sub-committee  making  certain  definite  reconmienda- 
tions  both  as  to  the  order  of  reporting  chemical  elements  and  physical 
properties  and  abbreviations  for  those  properties  has  been  forwarded 
to  the  chairman  of  Conunittee  A-4  with  the  recommendation  that  the 
suggestions  made  be  approved  and  brought  to  the  attention  of  Com- 
mittee E-5  on  Standing  Conmiittees. 

Sheet  Steels  (Sub-Committee  XIX). 

This  sub-committee  has  eflFected  an  organization  and  com- 
menced its  work  by  appointing  sub-sub-committees  on  Automobile 
Steel  Sheets,  Galvanized  Roofing  Sheets,  Cold-Rolled  Strip  Steel,  and 
Nomenclature  and  Definitions. 

Joint  Committee  on  Steel  Castings  for  Railroads. 

The  organization  of  this  Joint  Committee  was  given  in  the  report 
of  Coimnittee  A-1  in  1920,  and  the  membership  consists  of  represen- 
tatives of  the  American  Society  for  Testing  Materials  and  the  American 
Railway  Association,  Mechanical  Division.  This  Joint  Committee 
has  prepared  proposed  Tentative  Specifications  for  Steel  Castings 
for  Railroads,  which  was  reported  by  the  A.S.T.M.  representatives 
to  Committee  A-1  at  a  special  meeting  held  on  April  21,  1922.  This 
report  is  given  in  Appendix  II.  The  specifications  were  modified 
at  the  meeting  of  Committee  A-1,  the  modifications  consisting  for 
the  most  part  in  changes  of  form.  There  was  one  change  in  sub- 
stance, however,  in  Section  4  (6)  of  the  specifications,  the  first  sen- 
tence being  changed  from  its  present  form:  namely, 

"For  the  purpose  of  determining  the  quality  of  annealing,  at  least  two 
and  not  more  than  four  annealing  lugs  shall  be  cast  on  all  castings  150  lb.  or 
over  and  on  such  castings  less  than  150  lb.  as  required  by  the  purchaser  or  his 
representative." 

to  read  as  follows: 

"For  the  purpose  of  detemiining  the  quality  of  annealing  of  all  castings 
weighing  150  lb.  or  over,  and  of  such  lighter  castings  as  shall  be  required  by 
the  purchaser  or  his  representative,  there  shall  be  provided  for  removal  by  the 
inspector  after  annealing  and  also  after  reannealing,  if  necessary,  at  least  one 
and  not  more  than  two  annealing  lugs.'' 
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The  specifications  as  modified  by  action  of  Conunittee  A-1  are  sub- 
mitted as  appended  hereto^  for  approval  for  publication  as  tentative. 

The  Joint  Committee  reported  that  they  had  experienced  con- 
siderable difficulty  in  harmonizing  the  ideas  of  consumers  and  pro- 
ducers but  that  the  specifications  recommended  represent  the  best 
agreement  that  it  was  possible  to  secure,  and  the  vote  of  the  Joint 
Committee  itself  on  these  specifications  was  27  in  favor,  none  opposed, 
2  not  voting.    Total  membership  29. 

The  American  Railway  Association  Committee  on  Specifications 
and  Tests  has  presented  the  proposed  specifications  as  a  part  of  its 
1922  report  to  the  Association,  and  it  has  been  accepted  to  be 
printed  as  information. 

In  the  opinion  of  Committee  A-1  it  is  desirable  for  the  Society  to 
print  these  specifications  as  a  tentative  standard  so  that  they  may  be 
brought  before  the  public  and  the  opportunity  given  for  comment 
and  criticism  which  will  unquestionably  lead  to  further  changes  and, 
it  is  hoped,  eventual  approval  and  adoption  by  the  railroads. 

Committee  A-1  approves  the  recommendations  of  Committee 
A-2  on  Wrought  Iron  for  revisions  of  the  Tentative  Specifications 
A83-21T. 

This  report  has  been  submitted  to  letter  ballot  of  the  committee, 
which  consists  of  142  members,  of  whom  100  have  voted  affirmatively,  2 
negatively,  and  40  have  refrained  from  voting. 

Respectfully  submitted  on  behalf  of  the  committee, 

F.  M.  Waring, 
Chairman  and  Temporary  Secretary. 


Editorial  Note. 

The  proposed  revisions  of  the  four  standard  specifications  listed 
in  this  report  as  items  1  to  4  on  page  71  were  accepted  for  publi- 
cation as  tentative  and  appear  on  page  981. 

The  proposed  revisions  of  the  Standard  Methods  of  Chemical 
Anal3rsis  of  Plain  Carbon  Steel  and  of  the  Standard  Methods  of 
Chemical  Analysis  of  Alloy  Steels  were  accepted  for  publication  as 
new  tentative  methods  and  appear  on  pages  578  and  600,  respectively. 

The  proposed  Tentative  Specifications  for  Carbon  Steel  Castings 
for  Railroads  were  accepted  for  publication  as  tentative  and  appear  on 
page  560. 
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PROPOSED  REVISIONS  IN  STANDARDS  FOR  STEEL. 

In  this  appendix  are  given  proposed  revisions  in  certain  standard 
and  tentative  specifications,  which,  for  convenience,  are  numbered 
from  1  to  6,  inclusive,  to  correspond  to  the  report  of  the  committee. 
In  connection  with  each  title  is  given  the  reference  to  the  publication 
in  which  the  specifications  appear  in  their  present  form. 

PROPOSED  REVISIONS  IN  STANDARDS. 

No.  1. — Standard  Specifications  for  Steel  Track  Spikes: 

A  65  -  18.1 

Section  6, — Change  to  read  as  follows: 

"The  spikes  shall  conform  to  the  dimensions  specified  by  the  purchaser 
except  that  a  variation  of  i^  in.  over  and  ^  in.  under  the  specified  dimension 
of  the  body  of  the  spike,  and  a  variation  of  \  in.  over  and  ^  in.  imder  the 
specified  dimension  of  the  head  of  the  spike  will  be  permitted.  A  variation  of 
\  in.  over  and  nothing  under  the  specified  length  of  the  spike,  measured  from 
the  imder  side  of  the  head  to  the  point,  will  be  permitted.  A  variation  of 
1  d^.  in  the  specified  angle  of  the  tmder  side  of  the  head  of  the  spike  will  be 
permitted." 

No.  2. — Standard  Specifications  for  Lap-Welded  and  Seam- 
less Steel  Boiler  Tubes  for  Locomotives:  A  28-21.* 

Section  14  {c). — Divide  this  section  into  two  separate  paragraphs 
(c)  and  (d)  as  follows,  relettering  Paragraph  (d)  to  Paragraph  {e) : 

"  (c)  The  thickness  of  hot-finished  tubes  at  any  point  shall  not  exceed  two 
gages  above  or  one  gage  below  that  specified,  but  in  all  cases  the  weight  varia- 
tion shall  be  within  that  specified  in  Paragraph  13  (b). 

"  (d)  In  the  case  of  boiler  tubes  that  are  expanded  and  swaged,  the  thick- 
ness of  the  expanded  end  may  be  1}  gages  lighter  and  the  swaged  end  three 
gages  heavier  than  the  thickness  specified." 

No.  3.— Standard  Specifications  for  Welded  and  Seamless 
Steel  Pipe:   A  53-21.* 

Tables  I  and  IL — Omit  the  words  "Black  and  Galvanized"  now 
appearing  under  the  titles  of  these  tables. 

>  1921  Book  of  A.S.T.M.  Standards. 
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No.  4.— Standard  Specifications  for  Automobile  Carbon 
AND  Alloy  Steels:   A  29-21.* 

Table  I. — Add  to  the  present  table  the  five  following  compositions. 


Carbon. 

Manganeae. 

Phoaphoraa. 

Sulfur. 

Deored. 

PenniMble 
Rame. 

Denred. 

PermiMUe 
Ranie. 

Not  Over 

Not  Over 

0.15 
030 
0.40 
046 
0.50 

0.10-0.20 
0.25-0.35 
0.35-0.45 
0.40-0.50 
0.45-0.65 

0.45 
0.65 
0.65 
0.40 
0.65 

0.30-0.60 
0.60-0.80 
0.50-0.80 
0.30-0.50 
0.60-0.80 

0.045 
•• 

M 

0.05 

Table  II. — In  the  steel  of  0.15  per  cent  carbon,  change  the  man- 
ganese requirement  from  0.65  per  cent  desired  (permissible  range 
0.50-0.80  per  cent)  to  0.45  per  cent  desired  (pemussible  range  0.30- 
0.60  per  cent). 

Add  to  the  present  table  the  following  composition: 


OarboD. 

Maofaaaae. 

Phoaphorua. 

Sulfur. 

Nidcal. 

Daaircd 

PLi-L-L-U-I1-I_ 

Raofa. 

Deaired. 

Pennianbla 
Range. 

Not  Over 

Not  Over 

Deaired. 

PenniMble 
Ranee. 

0.60 

0.45-0.65 

0.65 

0.60-0.80 

0.04 

0.045 

3.60 

3.25-3.75 

Table  III.  {Wtih  IM  per  cent  Nickel).— In  the  steel  of  0.20  per 
cent  carbon,  change  the  manganese  from  0.65  per  cent  desired  (per- 
missible range  0.50-0.80  per  cent)  to  0.45  per  cent  desired  (permissibFe 
range  0.30-0.60  per  cent). 

Add  to  the  present  table  the  following  composition: 


Carbon. 

Manganese. 

Phoipborus. 

Sotfur. 

Nicicel. 

ChNmiua. 

OWKd. 

Permiarible 
Range. 

Deaired. 

Range. 

Not 
Over. 

Not 
Over. 

Deaired. 

Permiaible 
Range. 

Dewed. 

Pemiaiible 
Range. 

0.15 

0.10-0.20 

0.45 

0.30-0.60 

0.04 

0.04 

1.25 

1.00-1.50 

0.60 

0.46-0.76 

Table  III.     {With  1.75  per  cent  Nickel).— Add  to  the    present 
table,  the  two  following  compositions: 


Carbon. 

Ma"ga"ftft. 

Pboephorua. 

Sutfur. 

Nickel. 

Cbromium. 

Denred. 

Pcnniaiible 
Range. 

Deaired. 

Pemuenble 
Range. 

Not 
Over. 

Not 
Over. 

Deaired. 

PenniariUe 
Range. 

Denred. 

PemMUe 
Range. 

0.15 
0.4A 

0.10-0.20 
0.40-0.60 

0.45 
0.45 

0.30-0.60 
0.30-0.60 

0.04 
0.04 

0.04 
0.04 

1.75 
1.75 

1.50-2.00 
1.60-3.00 

1.10 
1.10 

0.00-1.35 
0.00-1.25 

1 1921  Book  of  A.S.T.M.  Standarda. 
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Tabk  III.  {With  S.50  per  cent  Nickel)  .—Omit  the  compositions 
appearing  under  the  heading  "With  3.50  per  cent  Nickel"  and  insert 
the  following  compositions: 


Ctebon. 

MUCUMM. 

Sulfor. 

NiekeL 

GhramfailB. 

DmnL 

^sSf** 

DmnL 

PmiMbk 
Bangs. 

Not 

Owr. 

Not 
Over. 

Denred. 

"SSS^ 

Dwred. 

PflnDMrfble 

0.12 
0.26 
0.36 
0.40 

Mm.,  0.17 
0.20-O.SO 
O.SO-0.40 
0.85-0.46 

0.45 

M 

M 

O.SO-0.00 

M 
•• 

0.04 

M 
M 
M 

0.04 
•• 

M 

3.60 

M 
•• 

3.25-3.76 
«• 

1.50 

M 
M 

1.25-1.75 

M 
M 

Tabk  IV. — Omit  the  present  compositions  and  insert  the  follow- 


mg: 


CbrboD. 

MaogMMM. 

Phospbonu. 

Sulfur. 

Cairaiunn. 

Derirad. 

PmaUbla 
Bangs. 

Dedred. 

"sSS^ 

Not  Over. 

Not  Over. 

Desired. 

Perminble 
Range. 

0.20 
0.40 
0.60 
1.00 

0.15-0.26 
0.85-0.45 
0.45-0.55 
0.05-1.10 

0.45 
0.05 
0.65 
0.85 

0.30-0.00 
0.60-0.80 
0.60-0.80 
0.20-:0.50 

0.04 
0.04 
0.04 
0.03 

0.045 
0.045 
0.045 
0.080 

0.75 
0.05 
0.05 
1.35 

0.80-0.00 
0.80-1.10 
0.80-1.10 
1.20-1.60 

Omit  the  present  footnote  (a)  as  appearing  under  Table  IV. 

Table   VII. — Omit   the  present   compositions   and   insert   the 
following: 


Obrboo. 

MiimiMur 

Pboepbonifl. 

Sulfur. 

SUiooB. 

Deiired 

Pmniiribla 
Bange. 

Deand 

F^nniadUa 
Bauga. 

NotOfar 

Not  Over 

s 

Deairad 

"tSi^ 

0.50 
0.00 

0.45-0.55 
0.56-0.05 

0J5 

0.00-0.00 

0.045* 

0.045 

2.00 

1.80-2.20 

-    •  Steeb  made  Iqr  tbe  aeid  proeeM  any  oootain  OM  maximum  phoiphoruB. 

No.  5. — Standard  Methods  of  Chemical  Analysis  of  Plain 
Carbon  Steel:   A  33  -  14.^ 

These  methods  have  been  extensively  revised  and  are  appended 
hereto  in  their  revised  form.* 

No.  6. — ^Standard  Methods  of  Chemical  Analysis  of  Alloy 
Steels:  A  55  -  15.i 

These  methods  have  been  extensively  revised  and  are  appended 
hereto  in  their  revised  form.' 


>  1921  Book  of  A.S.T.M.  Standards. 

>  8m  p.  578.— Bd. 
•  See  p.  600.— Bd. 
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REPORT  OF  THE  SOCIETY  REPRESENTATIVES  ON  THE 

JOINT  COMMITTEE 

ON 

SPECIFICATIONS  FOR  STEEL  CASTINGS  FOR  RAILROADS. 

Mr.  F.  M.  Waring,  Chairman, 
Committee  A-1  on  Steel. 

Your  representatives  on  the  Joint  Committee  of  the  American 
Railway  Association  and  American  Society  for  Testing  Materials  for 
the  preparation  of  Specifications  for  Steel  Castings  for  Railroads 
submit  herewith  for  your  approval  the  final  draft  of  proposed  specifica- 
tions, as  agreed  upon  March  24,  1922. 

In  the  appendix  to  this  report  an  outline  of  the  activities  of  the 
Joint  Committee  and  its  sub-committee  is  given  as  a  matter  of  record. 

Little,  if  any,  differences  of  opinion  were  encoimtered  on  the 
general  clauses  of  the  specifications;  the  main  arguments  have  been 
on  the  chemical  and  physical  requirements.  At  the  beginning  of  the 
work  (1920)  foundry  conditions  of  fuel  and  scrap  supply  seemed  to 
warrant  allowing  a  maximum  of  0.06  per  cent  sulfur  and  the  com- 
mittee so  agreed,  but  in  view  of  the  improvement  in  such  conditions 
the  sulfur  limit  has  been  retained  at  0.05  per  cent  and  the  phosphorus 
limit  set  at  the  same  figure. 

It  is  believed  that  the  manganese  requirement  of  maximum  0.85 
per  cent  is  sufficiently  high  to  cause  no  trouble  to  the  manufacturer, 
who  would  try  to  avoid  such  a  content  for  his  own  protection,  and  at 
the  same  time  protects  the  consumer.  Some  consumers  e:q)ressed 
the  opinion  that  the  manganese  requirement  might  be  omitted 
altogether,  to  which  view  the  manufacturers  were  naturally  agreed, 
but  the  majority  of  the  consumers  preferred  to  have  an  upper  limit 
specified. 

The  discussions  on  ph3rsical  properties  centered  largely  around 
the  proposal  from  the  A.R.A.  Car  Construction  Committee  that  the 
elastic  limit  or  yield  point  should  be  taken  as  a  base  and  the  elongation 
in  2  in.  times  the  elastic  limit  or  yield  point  should  not  fall  below 
certain  suggested  constants.  The  sub-committee  spent  a  great  deal 
of  time  on  this  subject,  tests  were  made  by  some  of  the  members  to 
develop  methods  for  determining  elastic  limit  and  yield  point  and  also 
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to  determine  which  of  these  properties  could  be  considered  the  most 
accurate  and  satisfactory  from  the  standpoint  of  the  commercial 
laboratory.  It  was  finally  agreed  upon  by  the  majority  that  the  yield 
point  by  drop  of  beam  or  by  dividers  gave  the  most  imiform  results. 
The  determination  of  the  so-called  elastic  limit  was  influenced  by  the 
refinement  of  apparatus  used  and  the  results  obtained  by  the  same 
method  on  the  same  grade  of  steel  frequently  showed  large  variations 
that  were  diflScult  to  accoimt  for  satisfactorily. 

No  agreement  could  be  reached  regarding  the  e:q)ression  of 
ductility  requirements,  elongation  and  reduction  of  area,  in  terms  of 
elastic  limit  or  yield  point  This  form  has  never  been  used  in  gen- 
erally accepted  specifications,  nor  has  the  idea  that  such  an  expression 
gives  a  quality  rating  of  the  steel  met  with  general  acceptance.  On 
the  contrary,  it  is  believed  that  the  elongation  bears  a  closer  relation 
to  the  tensile  strength  than  to  the  elastic  limit,  and  certain  recent 
fatigue  tests  of  various  grades  of  forged  or  rolled  steel  have  appeared 
to  indicate  that  resistance  to  fatigue  failure  is  more  in  relation  to 
tensile  strength  than  to  elastic  limit.  It  is  not  imreasonable  to  conclude 
that  such  a  relation  would  apply  to  cast  steel  also.  This  committee 
has  therefore  recommended  that  the  ductility  requirements  be  based 
on  the  usual  formula  of  a  constant  divided  by  the  tensile  strength  and 
has  set  minimum  limits  high  enough  to  secure  excellent  physical 
properties  when  considered  in  connection  with  the  minimum  jrield 
points  specified. 

While  the  action  taken  has  not  been  unanimous  in  all  cases,  the 
negative  side  has  been  small,  and  motions  that  met  with  substantial 
opposition  were  reconsidered  and  amended  until  substantially  unani- 
mous approval  could  be  secured. 

Your  representatives  recommend  that  the  attached  specifications 
be  accepted  and  be  sent  to  letter  ballot  of  the  proper  committee  so 
that  they  may  be  included  in  that  committee's  report  of  1922  to  its 
Association  or  Society  as  a  tentative  standard. 

The  specifications  have  been  submitted  to  letter  ballot  of  the 
members  of  the  Joint  Committee  with  the  result  that  27  have  voted 
in  favor,  none  negatively  and  two  not  voting.    Total  29. 

Respectfully  submitted, 

J.  C.  Davis, 
Chairman^  A.S.T.M.  Representatives. 
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REPORT  OF  THE  JOINT  COMMITTEE  ON 
SPECIFICATIONS  FOR  STEEL  CASTINGS  FOR  RAILROADS 

1.  The  Joint  Committee  on  Specifications  for  Steel  Castings  for  Railroads 
was  organized  as  a  result  of  action  by  the  executive  boards  of  the  American 
Society  for  Testing  Materials,  the  Mechanical  Section  (now  Division)  of  the 
American  Railway  Association,  and  the  United  States  Raikoad  Administration, 
in  pursuance  of  an  agreement  to  work  together  wherever  feasible  in  the  con- 
sideration of  problems  of  mutual  interest. 

2.  A  preliminary  meeting  was  held  at  the  A.S.T.M.  headquarters,  Phila- 
delphia, on  January  7,  1920,  with  the  foUowing  representatives  present: 

A.S.T.M.  Sub-CommiUee  VIII  on  Sted  Castings,— 

Bethlehem  Steel  Co.,  H.  T.  Morris,  Represented  by  W.  R.  Shimer. 
American  Locomotive  Co.,  £.  J.  Edwards. 

American  Steel  Foimdries,  J.  C.  Davis,  Represented  by  G.  G.  Floyd. 
Birdsboro  Steel  Foundry  and  Machine  Co.,  J.  £.  McCauley,  Represented 

by  J.  V.  R.  Stehman. 
Bureau  of  Construction  and  Repair,  U.  S.  N.,  Represented  by  Capt.  W.  J. 

Baxter. 
Egan-Rogers  Steel  and  Iron  Co.,  J.  I.  Rogers. 
General  Electric  Co.,  J.  M.  Darke,  Represented  by  W.  E.  Barnes. 
National  Malleable  Castings  Co.,  W.  G.  -Kranz,  Represented  by  H.  W. 

Gilbert. 
Penn  Seaboard  Steel  Corporation,  Craig  Adair,  Represented  by  T.  Burd 

ZeU. 
Pennsylvania  Railroad,  Eastern  Lines,  P.  M.  Waring. 
Standard  Steel  Works  Co., 
A.  A.  Stevenson. 
L.  H.  Pry. 
Union  Pacific  Sjrstem,  N.  F.  Harriman. 
U.  S.  Railn)ad  Administration,  J.  R.  Onderdonk. 
Philadelphia  and  Reading  Railway,  J.  B.  Young. 
Baldwin  Locomotive  Works, 
R.  P.  Johnson. 
H.  V.  Wille,  Represented  by  J.  A.  Hance. 

C.  L.  Warwick,  Secretary-Treasurer,  American  Society  for  Testing  Materials. 

A.R,A.  CommiUee  an  Specifications  and  Tests  for  Materials. — 
F.  M.  Waring  (Chairman), 
J.  R.  Onderdonk. 

L  S.  Downing,  Represented  by  I.  S.  Pearce. 
P.  Zeleny. 
A.  H.  Fetters. 
H.  B.  MacFarland. 
H.  G.  Bumham. 
H.  E.  Smith. 
J.  C.  Ramage. 

L.  K.  Sillcox,  Represented  by  H.  K.  Fox. 
C.  B.  Young,  Represented  by  H.  E.  Smith. 
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A.R.A.  CommiUee  on  Car  Construction. — 
W.  F.  Kiesel,  Jr.  {Chairman). 

A.R.A.  Committee  on  Couplers  and  Draft  Gears. — 
.  R.  L.  Kleine  {Chairman). 
L.  £.  Endsley. 

V.  R.  Hawthorne,  Section  III — Mechanical,  A.R.A.  {Secretary). 

United  States  Railroad  Administration. — 
H.  E.  Smith. 

Aianufacturers. — 

Buckeye  Steel  Castings  Co.,  Geo.  T.  Johnson. 
Scullin  Steel  Co.,  H.  E.  Doerr. 
Pratt  and  Letchworth  Co.,  H.  M.  Lewis. 
Union  Steel  Castings  Co.,  J.  Lloyd  Uhler. 
Baldwin  Locomotive  Works, 

R.  P.  Johnson. 

H.  V.  Wille,  Represented  by  J.  A.  Hance. 

New  York  Central  Lines,  G.  E.  Doke. 

3.  On  motion,  Mr.  F.  M.  Waring  was  elected  Temporary  Chainnan,  and 
Mr.  C.  L.  Warwick,  Temporary  Secretary. 

4.  Mr.  C.  L.  Warwick  presented  a  summary  of  the  efforts  leading  up  to 
the  call  for  this  meeting  and  had  read  into  the  minutes  the  text  of  the  agreement 
between  the  A.S.T.M.,  the  A.R.A.  and  the  U.S.R.A.  for  the  joint  preparation 
of  new  standards. 

5.  Since  the  representatives  present  had  not  been  definitely  instructed  to 
act  by  their  respective  executive  boards,  no  permanent  organization  could  be 
effected  and  after  annotmcement  of  the  tentative  membership  the  meeting  was 
thrown  open  to  a  general  discussion  of  specification  requirements. 

As  a  result  of  this  discussion,  and  after  many  modifications,  the  following 
proposed  grades  and  physical  properties  were  suggested: 

Subject  to  Chbmical.  Subject  to  Physical  and  Cuebqcax^* 

A  B  C 

Tensile  Strength  not  Tensile  Strength  not 

specified.  specified. 

Elastic  Limit,  min.,  lb.  Elastic  Limit,  min.,  lb. 

per  sq.  in.,  26  000  per  sq.  in.,  32  000 

Yield  Point,  min.,  lb.  Yield  Point,  min.,  lb. 

per  sq.  in.,  29  000  per  sq.  in.,  36  000 

Elastic  Limit XElong.  in       Elong.  in  2  in.,  min.,  per 
2  in.,  min., -700  000  cent,  22 

Reduction  of  '^00  000 

area,  min.,         El.  Limit 
Elastic  Limit  XElong. 

in  2  in.,  min. •■850  000 
Yield  Pdint  XElong.  in   2 
:   :      in.,  min.  ••95  2  000 


)  For  oouplen,  truck  tides,  boliten  and  guide  yolcM. 
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For  Locomotive  Framks. 
A  B 

Tensile  Strength,  lb.  per  sq.  in 75  000  65  000 

Elastic  Limit,  lb.  per  sq.  in 0.4  Tens.  sir.      0.4  Tens.  str. 

...  1600000  1600000 

Elongation  in  2  in.,  per  cent -^r -3 

Tens.  str.  Tens.  str. 

Reduction  of  area,  per  cent 30  35 

Yield  Point,  lb.  per  sq.  in 0.45  Tens.  str.    0.45  Tens.  str. 

6.  The  meeting  adjourned  after  fixing  January  28,  1920,  as  the  date  for 
permanent  Qrganization. 

7.  The  second  meeting  was  held  January  28,  1920,  at  the  A.S.T.M.  head- 
quarters, Philadelphia,  with  Mr.  A.  A.  Stevenson  presiding  and  the  following 
accredited  representatives  present,  except  as  noted: 

American  Society  far  TesHng  Materials, — 
American  Steel  Foundries, 

G.  G.  Floyd. 

J.  C.  Diavis. 
Standard  Steel  Works, 

A.  A.  Stevenson. 

L.  H.  Fry. 
Penn  Seaboard  Steel  Casting  Co., 

Craig  Adair. 

R.  H.  Norton. 

T.  Burd  Zell. 
National  MaUeable  Castings  Co.,  H.  W.  Gilbert. 
Eagan-Rogers  Steel  and  Iron  Co.,  John  I.  Rogers. 
Birdsboro  Steel  Foundry  and  Madiine  Co.,  J.  E.  McCauley. 
Union  Steel  Castings  Co.,  J.  Lloyd  Uhler. 
Pratt  and  Letchworth  Co.,  H.  M.  Lewis. 
Union  Pacific  Railroad,  N.  F.  Harriman. 
Philadelphia  and  Reading  Railway,  J.  B.  Young. 
Norfolk  and  Western  Railroad,  J.  H.  Gibboney. 
American  Locomotive  Co.,  E.  J.  Edwards. 
Baldwin  Locomotive  Works,  R.  P.  Johnson. 

C.  L.  Warwick,  Secretary-Treasurer,  A.S.T.M. 

American  Railroad  Association, — 

ComnTm  on  Spvcipications  Committbb  on  Car 

AND  Tests.  Construction.  Committsb  on  Couplers. 

J.  R.  Onderdonk.  J.  A.  Pilcher.  R.  L.  Kleine,  Represented 

H.  B.  MacFarland.  by  P.  M.  Waring. 

I.  S.  Downing,  Repre-  Geo.  T.  Johnson. 

sented  by  G.  E.  Doke. 
F.  M.  Waring. 

Also, 

Canadian  Pacific  Railroad,  Mr.  Robert  Job  and  W.  A.  Newman. 
New  York  Central  Railroad,  B.  B.  Milner,  Represented  by  G.  E.  Doke. 
The  Bettendorf  Co.,  P.  Bendixen. 
Scullin  Steel  Co.,  H.  £.  Doerr. 
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The  following  representatives  were  absent: 
A.  H.  Fetters. 
H.  G.  Bumham. 
A.  R.  Ayers. 

United  States  Railroad  Administration,  H.  £.  Smith. 
Pressed  Steel  Car  Co. 
F.  Zeleny. 

8.  The  Joint  Committee  organized  by  electing  Mr.  F.  M.  Waring  as 
chairman. 

9.  The  meeting  was  then  opened  by  an  informal  discussion  of  the  existing 
steel  casting  specifications  of  the  A.R.A.  and  A.S.T.M.  and  the  advisability  of 
using  one  or  the  other  as  a  basis  for  joint  specifications.  Remarks  made  by 
Mr.  W.  F.  Kiesel,  Jr.,  Chairman,  Car  Construction  Committee,  A.R.A.  at  the 
previous  meeting  were  fully  discussed  since  his  suggestions  bad  been  incor- 
porated in  the  tables  of  physical  properties  proposed  at  that  meeting. 

Mr.  Kiesel  had  said  in  part: 

"Locomotive  frames  should  be  of  the  highest  grade  steel.  Car  side  frames, 
bolsters  and  couplers  should  be  of  a  higher  grade  steel  than  ordinary  castings.  Two 
grades  of  steel  should  be  sufficient.  It  is  desirable  to  make  the  ph3rsical  properties 
based  on  elastic  limit  because  the  elastic  limit  and  elongation  are  the  prime  factors 
in  specifications.  We  should  have  steel  for  side  frames,  bolsters,  couplers  and 
locomotive  frames  on  which  the  product  of  the  elastic  limit  by  the  elongation  is 
not  less  than  850,000.  For  ordinary  castings  a  product  of  700,000  or  750,000  would 
be  sufficient.  I  would  like  to  see  in  this  specification  a  minimum  requirement  for 
elastic  limit  and  elongation." 

Some  consumers  spoke  with  particular  reference  to  the  desires  ofraibx)ad 
designers  for  a  material  that  would  have  not  only  a  higher  elastic  limit  than 
was  provided  for  in  existing  specifications  but  also  greater  ductility  such  that 
the  product  of  the  elastic  limit  by  the  elongation  in  2  in.  would  be  not  less  than 
certain  specified  constants. 

It  was  brought  out  in  the  discussion  that  such  a  method  of  expressing 
physical  requirements  was  quite  new  to  the  majority  of  the  members  and  would 
require  further  consideration  before  definite  action  was  taken. 

10.  On  motion,  a  sub-committee  was  appointed  to  draft  an  outlme  of  speci- 
fications with  chemical  and  physical  requirements  for  as  many  grades  of  steel 
as  they  might  consider  necessary.    The  following  were  appointed : 

A  nterican  Society  for  Testing  Materials. — 

American  Steel  Foimdries,  J.  C.  Davis  {Chairman), 
Union  Steel  Castings  Co.,  J.  Lloyd  Uhler. 
Pratt  and  Letchworth  Co.,  H.  M.  Lewis. 
American  Locomotive  Co.,  E.  J.  Edwards. 

American  Railroad  Association. — 
J.  R.  Onderdonk. 
H.  B.  MacFarland. 
J.  A.  Pilcher. 

United  States  Railroad  Administration. — 
H.  E.  Smith. 
The  meeting  adjourned  to  await  the  report  of  the  sub-committee. 
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11.  The  sub-committee  held  its  first  meeting  at  the  Wm.  Pemi  Hotel, 
Pittsburgh,  on  February  25,  1920,  and  drafted  specifications  which  were  pre- 
sented to  a  meeting  of  the  Joint  Committee  held  in  Philadelphia,  April  15, 
1920,  with  the  following  present: 

American  Society  for  TesUng  Materials. — 
Standard  Steel  Works  Co., 

A.  A.  Stevenson. 

L.  H.  Fry. 
Baldwin  "Locomotive  Works,  H.  V.  WiUe,  Represented  by  J.  A.  Hance  and 

R.  P.  Johnson. 
Philadelphia  and  Reading  Railway,  J.  B.  Young 
Union  Pacific  Railroad,  N.  F.  Harriman. 
Pratt  and  Letchworth  Co.,  H.  M.  Lewis. 
Commonwealth  Steel  Co., 

H.  M.  Pflager. 

John  M.  Locke. 
Union  Steel  Castings  Co.,  J.  Lloyd  Uhler. 
Egan-Rogers  Iron  and  Steel  Co.,  John  L  Rogers. 
Birdsboro  Steel  Fotmdry  and  Machine  Co.,  J.  E.  McCauley. 
Pressed  Steel  Car  Co.,  J.  F.  Streib. 
American  Steel  Foundries,  J.  C.  Davis,  Represented  by  Geo.  G.  Floyd. 

American  Railroad  Association, — 
H.  B.  MacFarland. 

J.  R.  Onderdonk,  Represented  by  W.  E.  F.  Armstrong. 
L  S.  Downing,  Represented  by  G.  E.  Doke. 
Canadian  Pacific  Raihoad,  Robert  Job. 
W.  F.  Kiesel,  Jr. 
Geo.  T.  Johnson. 

United  States  Railroad  Administration. — 
H.  E.  Smith. 

12.  The  proposed  specifications  had  the  following  chemical  and  physical 
requirements: 

Chemical  Properties. 

Soft.  Mbdium.  Hakd. 

Manganese,  per  cent,  not  over 0. 85  0. 85  0. 85 

Phosphorus,  per  cent,  not  over 0. 06  0. 055  0. 05 

Sulfur,  per  cent,  not  over 0.06  0.06  0.06 

Physical  Properties. 

Tensile  strength,      Soft.  Medium.  Hard. 

lb.  per  sq.  in...  65  000  72  500  80  000 
Elastic  limit,  lb. 

persq.  in 0.4tens.  str.  0.4  tens.  str.  0.4tens.  str. 

Yield  point,  lb. 

per  sq.  in 0. 45  tens.  str.  0. 45  tens.  str.  0. 45  tens.  str. 

Elongation  in         1600  000  1600  000  1500  000 

2  in.,  per  cent    Tens.  str.  Tens.  str.  Tens.  str. 

"  not  under  22  per  cent  not  under  1 9  per  cent   not  under  1 6  per  cent 

Reduction  of 

area,  per  cent..      35  28  32 
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The  remainder  of  the  specification  closely  followed  the  wording  of  existing 
A.R.A.  specifications. 

13.  An  abstract  of  the  sub-committee's  report  follows: 

"Your  committee  was  confronted  with  several  problems,  the  chief  of  which 
was  the  adaptation  of  specifications  to  the  varied  reqtiirements  of  the  users  of  steel 
castings,  and  at  the  same  time  not  impose  upon  the  producers,  conditions  which 
were  not  consistent  with  modem  practice  as  current  in  well-conducted  foundries. 
That  is  to  say,  it  is  recognized  by  the  responsible  factors  in  the  better-class  foundries 
that  the  developments  in  railroad  operating  practice  with  respect  to  locomotive 
and  rolling  stock,  have  overtaken  and  exceeded  certain  features  of  some  existing 
specifications  and  therefore  there  is  automatically  created  a  demand  for  a  higher 
grade  of  material  than,  for  instance,  was  expected  when  the  last  M.C.B.  speci- 
fications were  adopted.  At  the  same  time,  through  contact  with  the  various  able 
mechanical  ofl&dals  of  the  country,  the  manufacturers  have  been  impressed  with 
the  very  considerable  differences  of  opinion  which  exist  as  to  what  character  of  steel 
is  best  suited  for  certain  purposes.  For  instance,  the  three  grades  of  steel  coming 
within  the  scope  of  the  subjoined  proposed  tentative  specifications  all  have  their 
advocates  for  use  in  locomotive  frames.* 

''In  this  connection  a  considerable  establishment  under  a  normal  demand  and 
with  prompt  deliveries  expected,  is  called  upon  to  cast  a  great  variety  of  shapes 
for  a  single  heat,  the  requisitions  being  issued  upon  the  basis  of  the  customers' 
needs  and  natvirally  without  r^ard  to  a  properly  normal  scheduling  of  the  work 
in  the  foundry  in  order  that  molds  might  be  made  and  cast  in  specification  groups. 
The  result  of  this  variation  imposes  a  needless  hardship  upon  the  manufacttirer  and 
is  therefore  entitled  to  serious  consideration,  not  only  for  the  reasons  given  but  it 
has  a  decided  influence  upon  the  ability  of  the  manufacturer  to  render  to  the  user 
the  service  he  requires,  be  it  a  matter  of  prompt  delivery  or  adaptation  of  quality, 
or  both. 

**  These  facts  were  recognized  by  those  members  of  your  sub-committee  who 
represent  railroad  interests,  since  they  have  had  very  wide  experience  in  such  mat- 
ters, and  therefore  the  subject  was  approached  by  your  entire  committee  without 
prejudice,  and  having  in  mind  such  a  wide  application  of  values  as  practically  to 
insure  the  cooperation  and  resulting  coordination  as  between  the  parties  in  interest. 

Elastic  Limit  and  Yield  Point. 
"A  careful  consideration  seems  unmistakably  to  warrant  the  perpetuation  of 
factors  previously  adopted,  until  such  time  as  more  definite  information  with  respect 
to  determining  these  values  shall  have  been  developed. 

Elongation  and  Reduction  of  Area. 
"Yoiu"  committee  believes  that  the  ductility  factors  are  sufficiently  libera!  to 
meet  all  requirements  as  to  safety. 

Sulfur  and  Phosphorus. 
"Sulfur  is  generally  recognized  as  not  materially  affecting  the  properties  of 
steel  in  the  cold  state  unless  present  in  amounts  greatly  in  excess  of  any  existing 
specifications.  On  the  other  hand,  the  user  of  steel  castings  is  protected  in  the 
matter  of  this  element  for  the  reason  that  the  manufacturer  will  restrict  its  presence 
all  possible  since,  were  he  not  to  do  so  his  foundry  losses  would  be  ruinous.  There- 
fore, in  view  of  these  facts,  and  having  in  mind  the  extreme  difficulty  of  obtaining 
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any  fuel  at  all  (1920),  much  less  a  full  re(]uiremcnt  of  high-grade  fuel^  an  extension 
of  the  maximum  limit  of  0.06  per  cent  is  freely  recommended. 

"The  situation  at  the  present  time  with  respect  to  low  phosphorus  melting  scrap 
is  serious  for  the  many  foundries  which  employ  the  acid  open-hearth  process  for 
producing  steel. 

"fflnce  these  are  conditions  which  will  not  be  imder  control  for  an  indefinite 
period,  your  committee  has  adjusted  the  phosphorus  specification  upon  a  sliding 
scale  based  upon  the  minimum  tensile  strengths  of  the  three  grades  of  steel,  having 
in  mind  the  generally  accepted  fact  that  the  influence  of  phosphorus  is  directly  as 
the  tensile  strength  within  certain  broad  limits.  It  is  expected,  however,  that  at 
such  time  as  suitable  materials  shall  have  become  generally  available  this  item  will 
be  modified." 

14.  The  committee  considered  the  chemical  and  physical  requirements 
and  after  considerable  discussion  Mr.  W.  F.  Kiesel,  Jr.,  offered  the  following 
substitute  for  the  proposed  physical  properties: 

Grade  A.  Gradr  B.  Grade  C. 

Elastic  limit,  lb.  per  sq.  in 26  000  32  000  40  000 

.       .        .  700  000  850  000  850  000 

Elongation  m  2  m.,  per  cent _  _  _  _  _   - 

E.  L.  E.  L.  E.  L. 

975  000         1  200  000         1  200  000 

Reduction  of  area,  per  cent —        — ZTT —  — 

£.  L.  E.  L.  E.  L. 

Mr.  Kiesel  stated  in  explanation  of  the  proposed  table  of  physical  properties 
that  from  the  designer's  standpoint  the  elastic  limit  and  elongation  in  2  in.  were 
the  two  properties  of  fundamental  importance  on  which  to  base  allowable 
stresses,  and  that  the  reduction  of  area  might  be  considered  as  of  importance 
in  determining  the  quality  of  aimealing.  The  designer  was  not  concerned  with 
the  ultimate  strength  of  tihe  material  and  therefore  it  was  unnecessary  to  specify 
this.  Following  Mr.  Kiesel's  explanations,  the  idea  of  expressing  tJie  physical 
properties  in  the  form  suggested  was  fully  discussed  and  the  limits  given  were 
commented  upon  for  and  against  by  botih  consumers  and  producers.  It  was 
the  opinion  that  Grade  A  steel  would  correspond  approximately  to  the  present 
soft  grade  in  the  A.S.T.M.  specifications,  and  Grade  B  steel  to  the  present  hard 
grade,  and  the  Grade  C  steel  was  of  a  special  nature  not  heretofore  covered  by 
specifications. 

15.  The  Joint  Committee  then  voted  to  appoint  a  sub-committee  of  four 
members  to  investigate  the  establishing  of  methods  of  tests,  particularly  with 
reference  to  the  determinations  of  elastic  limit  and  yield  point.  The  sub- 
committee consisted  of  the  following: 

Mr.  Frank  Zeleny  (Chairman). 

American  Steel  Foundries,  Mr.  J.  C.  Davis. 

Mr.  Geo.  T.  Johnson,  The  Buckeye  Steel  Castings  Co. 

Mr.  H.  G.  Bumham. 

Note. — This  sub-committee  endeavored  to  develop  a  device  for  centralizing 
the  pun  on  a  tension  test  specimen  with  a  special  form  of  grip  and  testing  apparatus 
but  the  results  were  not  conclusive.  A  large  number  of  special  tests  on  elastic  limit 
and  yidd  point  determinations  were  made  by  individual  members  of  the  sub-com- 
mittee and  some  of  these  results  will  be  made  available  in  papers  to  be  presented  to 
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the  American  Society  for  Testing  Materials.  This  sub-committee  never  made  a 
formal  report  to  the  Joint  Committee  and  because  of  the  difficulties  of  carrying 
on  research  work  of  this  kind  it  was  decided  at  the  meeting  of  the  Joint  Committee 
held  March  24,  1922,  to  discharge  the  sub-committee;  therefore  no  further  reference 
will  be  made  to  it. 

16.  As  a  restdt  of  the  discussion  the  proposed  specifications  were  referred 
back  to  the  sub-oommittee  with  certain  instructions  of  which  the  following  is 
a  summary: 

(a)  That  the  proposed  specifications  contain  the  physical  properties  expressed 
in  a  form  based  on  the  elastic  limit  with  the  elongation  in  2  in.  and  reduction  of  area 
expressed  in  terms  of  the  elastic  limit,  and  that  the  sub-committee  make  definite 
recommendations  as  to  the  number  of  classes  of  steel  to  be  covered  and  what  the 
physical  properties  for  these  classes  should  be,  giving  consideration  to  the  proposed 
physical  properties  given  above. 

(6)  That  Grades  A  and  B  given  above  may  be  considered  as  a  substitute  for  the 
three  grades  proposed  in  the  sub-committee's  report  of  March  1 1,  and  that  Grade  C 
given  above  be  considered  as  a  special  steel  that  may  be  ordered  for  certain  con- 
structions. 

(c)  That  consideration  be  given  to  preparing  specifications  for  unannealed 
castings  and  including  in  the  specifications  requirements  for  such  castings  as  are 
to  be  accepted  on  surface  inspection  only,  without  tension  tests. 

(d)  That  consideration  be  given  to  the  wording  of  Paragraph  9  (b)  in  the  pro- 
po^  specifications  in  order  to  clear  up  the  meaning. 

(e)  That  consideration  be  given  to  the  omission  of  the  manganese  requirement 
in  Paragraph  4  on  chemical  composition. 

(/)  That  consideration  be  given  to  the  elimination  of  entire  Paragraph  2  on 
"  Process. "  For  the  information  of  the  sub-committee  the  vote  on  this  motion  was 
18  affirmative,  2  against;  total  present,  20. 

ig)  That  consideration  be  given  to  the  omission  of  the  entire  Paragraph  1  (b) 
covering  the  purpose  for  which  the  castings  are  to  be  used.  For  the  information 
of  the  sub-committee  the  vote  on  this  motion  was  6  for,  6  against,  8  not  voting; 
total,  20. 

17.  The  sub-committee  on  specifications  held  another  meeting  at  Pittsburgh 
on  May  27,  1920,  made  certain  revisions  which  were  circulated  among  its 
members  and  manufacturers  for  consideration  and  criticism. 

18.  Several  changes  in  membership  of  the  Joint  Committee  were  made 
from  time  to  time.  The  representation  of  the  United  States  Railroad  Admin- 
istration lapsed  with  the  passing  of  that  organization.  A  list  of  the  members 
as  of  March,  1922,  is  given  below. 

19.  The  sub-committee  on  specifications  held  a  meeting  in  Pittsburgh  on 
January  18,  1922,  and  considered  criticisms  of  members  and  others  interested 
who  had  been  consulted  regarding  the  draft  prepared  on  May  27,  1920.  A 
new  draft  was  prepared  and  reported  to  the  Joint  Committee  at  a  meeting 
held  in  Philadelphia,  March  24,  1922,  with  the  following  members  present 
except  as  noted: 

American  Society  for  Testing  Materials. — 
American  Steel  Foundries,  J.  C.  Davis. 
American  Locomotive  Co.,  E.  J.  Edwards. 
Baldwin  Locomotive  Works,  H.  V.  Wille,  Represented  by  R.  P.  Johnson. 
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Birdsboro  Steel  Foundry  and  Machine  Co.. 

J.  E.  McCauley. 

J.  V.  R.  Stehman. 
Bethlehem  Steel  Co.»  H.  T.  Morris. 

Commonwealth  Steel  Co.,  H.  M.  Pflager,  Represented  by  J.  H.  tx>cke. 
Eagan-Rogers  Steel  and  Iron  Co.,  John  I.  Rogers. 
National  Malleable  Castings  Co.,  H.  W.  Gilbert. 
Norfolk  and  Western  Railroad,  J.  H.  Gibboney. 
Penn  Seaboard  Steel  Casting  Co.,  H.  A.  Baxter,  Represented  by  M.  R. 

Maclean. 
Pratt  and  Letchworth  Co.,  H.  M.  Lewis  (Absent). 
Philadelphia  and  Reading  Railway,  J.  B.  Young. 
Pressed  Steel  Car  Co.,  J.  F.  Streib  (Absent). 
Standard  Steel  Works  Co., 

A.  A.  Stevenson. 

L.  H.  Fry  (Absent). 
Union  Steel  Castings  Co.,  J.  Lloyd  Uhler. 
Union  Pacific  Railroad,  W.  M.  Barr  (Absent). 
Westinghouse  Electric  and  Manufacturing  Co., 

T.  D.  Lynch. 

John  Y.  Hessells. 

A.R,A.  Committee  an  Specifications  and  Tests  for  Materials. — 
J.  R.  Onderdonk,  Baltimore  and  Ohio  Railroad. 
A.  H.  Fetters,  Union  Pacific  Raihx>ad  (Absent). 
Prank  Zeleny,  Chicago,  Burlington  and  Quincy  Railroad  (Absent). 
H.  G.  Bumham,  Northern  Pacific  Railway  (Absent). 
T.  D.  Sedwick,  Chicago,  Rock  Island  and  Pacific  Raibx)ad,  Represented  by 

C.  L.  Buckingham. 
G.  E.  Doke,  New  York  Central  Railroad. 
F.  M.  Waring,  Pennsylvania  System  {Chairman), 

A»RA,  Committee  on  Car  Construction. — 

A.  R.  Ayers,  New  York  Central  ^d  St.  Louis  Railroad,  Represented  by  • 

A.  T.  Streeper. 
J.  A.  Pilcher,  Norfolk  and  Western  Railroad,  Represented  by  J.  H.  Gibboney. 

A.R,A.  Committee  on  Couplers. — 

R.  L.  Kleine,  Pennsylvania  System  (Absent). 
Geo.  T.  Johnson,  The  Buckeye  Steel  Castings  Co. 

W.  H.  Winterrowd,  Canadian  Pacific  Railroad  (Absent). 

20.  Mr.  J.  C.  Davis,  chairman  of  the  sub-committee,  expressed  for  his 
committee  the  feeling  that  they  had  covered  in  full  all  of  the  various  opinions 
and  criticisms  submitted  to  them  and  had  complied  to  the  best  of  their  ability 
with  suggestions  given  them  by  the  Joint  Committee,  although  in  some  cases 
the  conclusions  were  not  in  agreement  with  such  suggestions.  It  was  felt  that 
the  sub-committee  could  do  nothing  further  towards  securing  an  agreement  and 
recommended  that  it  be  discharged.  The  sub-committee's  report  is  given 
bek>w  practically  in  full: 
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•*  The  Joint  Committee  on  Steel  Castings  for  Railroads  held  a  meeting  Thursday, 
April  15,  1920,  and  at  this  meeting  issued  instructions  to  the  sub-committee  to 
reconsider  parts  of  certain  sections  of  the  specifications  proposed  by  the  sub-com- 
mittee at  a  meeting  held  February  25,  1920.  All  of  the  various  items  have  had 
careful  consideration  and  as  the  result  of  further  study  of  the  situation  it  will  be 
noted  that  the  revised  proposal  embodies  substantial  changes. 

"  The  two  most  important  sections  consist  of  Physical  Properties  as  applied  to 
two  grades  or  classes  of  steel  instead  of  three  and  Method  of  Determining  Physical 
Properties;  and  Chemical  Composition.  Considering  these  in  the  order  named, 
it  is  submitted: 

Physical  Properties. 

"Since  the  meeting  of  your  sub-committee  held  February  25,  1920,  a  very 
large  number  of  tension  tests  has  been  made  in  an  effort  to  develop  commercial 
methods  which  would  make  it  possible  to  definitely  determine  the  elastic  limit  of 
specimens  taken  from  steel  castings.  The  result  of  these  efforts  has  been  rather  to 
doud  the  issue  and  substantiate  the  opinion  held  firmly  by  many  that  the  term 
'elastic  limit'  has  been,  and  is  being  rather  loosely  used,  and  that  its  determination 
by  existing  methods  is  subject  to  serious  fluctuations  not  properly  indicative  of  the 
real  quality  of  the  metal  tmder  test. 

"The  sensitiveness  of  the  instruments  used  constitutes  a  refinement  which  may 
be  misleading,  especially  when  used  for  purposes  of  commercial  testing.  That  is 
to  say,  the  determination  of  elastic  Hmit  through  the  use  of  an  extensometer  is 
greatly  influenced  by  the  delicacy  of  the  particular  instrument  used. 

"A  further  phase  of  this  situation  which  is  worthy  of  serious  consideration  is 
that  which  involves  the  use  of  a  measuring  instrument  of  the  refinements  of  an 
extensometer,  in  conjunction  with  a  mechanism  for  applying  and  indicating  the 
load,  the  inherent  inertia  of  which  varies  as  the  capacity  of  the  machine,  also  as  its 
physical  condition. 

"It  should  therefore  be  apparent  that  until  these  problems  of  tension  testing 
shall  have  been  clarified  it  is  wise,  on  the  part  of  both  manufacturer  and  consumer, 
to  adopt  a  method  of  testing  which  may  be  accepted  as  conclusive  in  the  light  of 
present  knowledge  concerning  the  subject. 

"Yield  point  as  shown  by  the  drop  of  the  beam  indicates  a  definitely  permanent 
set  of  the  metal.  Furthermore,  the  yield  point  as  evidenced  by  hundreds  of  care- 
fully made  tests,  bears  a  sufficiently  fixed  relation  to  the  ultimate  strength  of  a  given 
class  of  steel  to  make  consistent  its  use  as  a  basis  for  the  design  of  the  various  forms 
comprised  of  cast  steel. 

"The  minimum  allowable  yield  points  for  Grades  A  and  B  are  in  conformity 
with  the  figures  given  in  Proposed  Tentative  Specifications  for  Carbon-Steel  Castings 
issued  by  the  American  Railway  Association  under  date  of  May  28,  1921.  The 
natural  assumption  is  that  these  figures  are  acceptable  to  the  consumers  since  they 
were  adopted  by  them,  and  likewise  to  the  manufacturers,  as  htmdreds  of  tests,  of 
which  these  figures  are  a  stmimation,  demonstrate  that  the  requirements  are  con- 
sistent with  every-day  modem  practice. 

"  The  substitution  of  two  grades  of  steel  for  tlu-ee  grades  is  based  upon  the  fact 
that  practically  all  of  the  cast  steel  produced  for  railroad  use  falls  clearly  within 
the  entire  range  of  the  ^requirements  indicated  under  the  two  grades  in  question. 
It  therefore  seems  superfluous  to  include  in  the  specifications  a  third  grade,  since  it 
so  rarely  is  called  for  either  above  or  below  the  proposed  two  grades,  that  it  should 
be  the  subject  of  a  separate  specification  and  undertaking. 
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Chemical  Composition. 

"During  the  period  when  the  first  proposal  of  your  sub-committee  was  sub- 
mitted it  was  still  extremely  difficult  to  obtain  fuel  and  melting  materials  which 
would  make  it  possible  to  produce  steel  castings,  particularly  in  an  add  furnace, 
which  would  contain  a  maximum  of  0.05  per  cent  in  phosphorus  and  sulfur.  Since 
that  time  there  has  developed  a  substantial  change  in  the  situation  with  the  result 
that  it  now  is  possible  to  obtain  materials  which  enable  the  foundries  to  produce 
steel  containing  a  maximum  of  0.05  per  cent  in  phosphorus  and  sulfur,  and  hence 
the  proposal  of  your  sub-committee  is  in  conformity  therewith. 

"While  the  voting  of  the  members  of  your  sub-committee  was  finally  unanimous 
with  respect  to  the  chemical  elements  proposed,  your  chairman  feels  it  safe  to  sug- 
gest that  there  still  might  have  been  some  mental  reservations  on  the  part  of  some 
members  of  the  committee  concerning  the  items  of  manganese  and  sulfur.  It  may 
or  may  not  be  the  case  that  the  influence  of  manganese  within  reasonable  limits  is 
a  matter  of  tradition  in  the  minds  of  some  individuals.  To  the  steel  foundryman 
an  excess  of  sulfur  is  a  serious  thing  and  he  well  knows  that  his  best  interests  from 
the  standpoint  of  cost  of  production  lie  in  the  direction  of  keeping  this  element  at 
the  lowest  possible  point,  and  at  any  rate  not  above  the  requirement  of  the  proposed 
specification.  On  the  other  hand,  no  amount  of  sulfur  which  is  likely  to  occur  in 
steel  castings  as  made  nowadays  should  concern  the  purchaser  as  an  influence  upon 
the  physical  properties  of  the  castings  which  may  be  submitted  for  his  use." 

21.  The  report  of  the  sub-committee  was  approved  and  the  proposed 
spedficatioDS  discussed  section  by  section.  Several  changes  were  made  to 
clarify  the  meaning  of  certain  sections  but  no  changes  weie  made  in  substance 
of  the  requirements,  chemical  and  physical,  as  recommended  by  the  sub- 
oommittee.  The  specifications  were  then  approved  to  go  to  letter  ballot  of 
the  Jdnt  Coimnittee  after  which  they  are  to  be  submitted  by  the  representatives 
to  their  respective  'parent  bodies,  the  A.S.T.M.  representatives  to  report  to 
Committee  A-1  on  Steel,  and  the  A.R.A.  representatives  to  Mr.  V.  R.  Haw- 
thorne, Secretary,  Mechanical  Division. 

The  sub-committee  on  specifications  was  discharged  with  the  thanks  and 
appreciation  of  the  Joint  Committee  for  the  labors  it  had  performed  and  the 
difficulties  it  had  overcome  in  attempting  to  harmonize  conflicting  opinions  of 
ocmsuxners  and  manufacturers. 

It  is  understood  that  the  parent  organizations  will  receive  and  act  upon 
the  reports  of  their  representatives.  Should  their  action  be  unfavorable,  or 
certain  changes  be  suggested,  then  the  representatives  will  bring  the  matter 
before  the  Joint  Committee  for  action.  Until  such  time  the  Joint  Committee 
has  adjourned  to  await  the  call  of  the  chairman. 

ReH)ectfully  submitted  for  the  Joint  Committee, 

F.  M.  Waring, 
Chairman, 
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EFFECT  OF  SULFUR  ON  RIVET  STEEL. 


PRELIMINARY  REPORT  OF  THE  JOINT  COMMITTEE 

ON 

INVESTIGATION  OP  PHOSPHORUS  AND  SULFUR  IN  STEEL.* 


Organization. 

The  investigation  on  effect  of  sulfur  on  rivet  steel  is  part  of  a 
comprehensive  study  of  the  effect  of  phosphorus  and  sulfur  in  steel, 
begun  in  1920  under  the  joint  initiative  of  the  American  Society 
for  Testing  Materials,  the  U.  S.  Bureau  of  Standards,  and  the  then 
existing  U:  S.  Railroad  Administration.  A  joint  committee  was 
formed,  upon  which  the  following  organizations  are  now  represented: 

Organizations  Represented  by 

U.  S.  Bureau  of  Standards /  ^^^^^  ^'  Burgess,  Chairman 

oureau  oi  ownaaras  <  ^^  ^^  Whittemore 

I  Robert  W.  Hunt  Co.  Q.  P.  Davis) 
American  Society  for  Testing  Materials. .  |  T.  D.  Lynch 

1  C.  L.  Warwick,  Secretary  {Ex^fficio) 
American  Railway  Association,  I  F.  M.  Waring 

Mechanical  Division \  H.  E.  Smith 

U.  S.  War  Department F.  C.  Langenberg 

U.  S.  Navy  Diepartment D.  J.  McAdam,  Jr. 

Society  of  Automotive  Engineers F.  P.  Gilligan 

Society  of  Naval  Architects  and  Marine 

Engineers P.  W.  Wood 

National  Research  Council,  Engineering 

Division John  H.  Hall 

Association  of  American  Steel  f  E.  P.  Kenney 

Manufacturers 1  J-  J*  Shuman  | 

Steel  Pounders  Society  of  America J.  E.  McCauley 

American  Poundrymen's  Association R.  A.  Bull 

The  entire  investigation  includes  a  study  of  the  effect  of  sulfur 
and  phosphorus  upon  steel  in  which  the  sulfur  is  residual  (Series  A), 
and  steel  in  which  sulfur  may  be  added  during  the  later  stages  of 
mimufacture  before  reaching  the  mold,  in  the  form  of  additions  to  be 

A  PublUMd  bjr  permiasion  of  the  U.  S.  Bureau  of  Standards. 
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determined  (Series  B).     The  material  in  Series  A  covers  six  groups, 
as  follows: 

Approximatx 
Oioup  Na  Matbrial.  Carbon  Rangb, 

PER  CBNT. 

1 Rivet  steel,  tubes,  etc 0. 06  -  0. 12 

2 Plates  and  structural  shapes 0. 16  -  0. 22 

3 Porgings.. .; 0.45-0.55 

4 Wheel,  tire  and  rail  steels 0.65-0.75 

5 Spring  steds 0.95-1.05 

6 Oastings To  be  determined 

In  all  groups,  when  determining  the  effect  of  sulfur,  the  sulfur 
content  ranges  in  general  from  0.03  to  0.08  per  cent,  with  phosphorus 
and  other  elements  normal  and  as  nearly  constant  as  possible.  When 
determining  the  effect  of  phosphorus,  the  phosphorus  content  will 
range  in  general  from  0.02  to  0.08  per  cent,  with  sulfur  and  other 
elements  normal  and  as  nearly  constant  as  possible.^ 

The  investigation  is  being  conducted  on  the  ^  ^unanimous  con- 
sent" basis;  that  is,  every  step  of  the  program  must  be  acceptable 
to  all  parties. 

The  manufacture  of  all  material  for  the  investigation  is  under 
the  direct  supervision  of  a  Committee  on  Manufacture,  of  which 
George  K.  Burgess  is  chairman.  AU  tests  are  made  under  the  direc- 
tion of  a  Committee  on  Tests.  F.  C.  Langenberg  is  chairman  of  this 
committee  and  has  supervised  all  tests  at  Watertown  Arsenal;  the 
tests  at  the  U.  S.  Naval  Engineering  Experiment  Station  have  been 
directed  by  D.  J.  McAdam,  Jr.  Other  committees  are  those  on 
Statistics,  H.  L.  Whittemore,  chairman;  on  Service  Tests,  F.  P. 
Gilligan,  chairman;  on  Finance,  C.  L.  Warwick,  chairman;  and  on 
Publicity,  George  K.  Burgess,  chairman. 

The  Committee  also  wishes  to  acknowledge  its  indebtedness  to 
Mr.  C.  F.  W.  Rys,  Metallurgical  Engineer  of  the  Carnegie  Steel  Co., 
who  collaborated  in  the  securing  of  the  rivet  steel  for  the  investiga- 
tion; Mr.  A.  L.  Meyer,  Chemical  and  Metallurgical  Engineer  of  the 
Lukens  Steel  Co.,  who  has  assisted  Mr.  E.  F.  Kenney  in  the  com- 
mittee work;  Mr.  N.  Richardson,  who  has  assisted  Mr.  Langenberg 
in  the  work  of  the  Committee  on  Tests;  and  Mr.  C.  H.  Strand,  who 
has  assbted  the  Chairman. 


>  A  complete  aoooant  of  the  program  of  teats,  with  notea  on  material  to  be  secured  and  general 
methods  to  be  fdOowed  in  conducting  the  investigation,  was  published  in  the  Report  of  Committee  A-1 
on  Steel  at  the  1920  meeting  of  the  American  Society  for  Testing  Materials.  See  Proctdina,  Am. 
Soc.  Test.  Mate.,  VoL  XX.  Part  I.  pp.  139-142  (1920). 


Digitized  by 


Google 


96  Preliminary  Report  of  Joint  Committee. 

Introduction. 

The  Joint  Committee  on  Investigation  of  Phosphorus  and  Sulfur 
in  Steel  has  completed  that  portion  of  the  investigation  relating  to  the 
determination  of  the  eflFect  of  sulfur  on  rivet  steel.  Fourteen  heats  of 
basic  open-hearth  steel,  varying  in  sulfur  content  from  approximately 
0.03  to  0.08  per  cent,  with  one  heat  as  high  as  approximately  0.18 
per  cent,  were  made  especially  for  this  investigation  by  the  Carnegie 
Steel  Co.,  under  the  immediate  direction  of  the  Conmiittee.  Carbon, 
manganese  and  phosphorus  contents  were  normal  for  rivet  steel,  and 
were  kept  as  nearly  constant  as  possible.  The  sulfur  was  "residual 
sulfur,"  that  is,  sulfur  present  in  the  steel  through  its  presence  in  fuel 
or  in  pig  or  scrap  and  not  through  additions  made  in  the  ladle  or  mold. 
Sufficient  material  for  test  was  furnished  from  each  heat  in  the  form 
of  H-in.  bars,  H-iii-  button-head  and  cone-head  rivets  in  three  lengths, 
and  slabs  5^  by  1  in. 

The  material  was  tested  in  the  natural  condition  "as  received," 
in  annealed  condition  and  in  quenched  condition.  The  bars  were 
tested  in  tension,  impact,  hardness,  bend,  torsion  and  shear.  The 
rivets  were  tested  as  follows:  Shanks  bent  cold  in  natural  condition; 
shanks  bent  cold  in  quenched  condition;  heads  flattened  hot;  shanks 
flattened  hot;  shanks  upset  cold;  and  shanks  upset  hot.  Riveted 
joints  with  rivets  in  single  and  double  shear  were  also  tested.  In  order 
to  study  fully  the  effect  of  sulfur  on  the  properties  of  this  steel,  tests 
were  made  upon  specimens  having  their  longitudinal  axes  perpendicular 
to  the  direction  of  rolling.  Suitable  specimens  were  secured  from  5j 
by  1-in.  slabs  rolled  from  billets  from  each  of  the  fourteen  heats  and 
were  tested  in  tension,  impact,  hardness,  bend  and  shear. 

One  set  of  material  was  tested  at  the  laboratory  of  Watertown 
Arsenal,  Watertown,  Mass.,  and  a  duplicate  set  was  tested  at  the 
laboratory  of  the  U.  S.  Naval  Engineering  Experiment  Station,  An- 
napolis, Md.  In  general,  identical  tests  were  made  at  the  two  labora- 
tories; methods  of  testing  were  carefully  prescribed  in  advance  and 
followed  in  each  laboratory  as  exactly  as  possible.  A  triplicate  set 
of  material  is  held  in  reserve  at  the  U.  S.  Bureau  of  Standards. 

In  this  investigation  there  were  19  kinds  of  tests  made,  includ- 
ing the  chemical  analysis  as  one  test.  The  total  number  of  physical 
tests  was  approximately  5230,  and  over  1000  chemical  determina- 
tions were  made. 

The  complete  investigation,  with  full  descriptive  matter,  will 
idtimately  be  published  as  a  technologic  paper  of  the  U.  S.  Bureau 
of  Standards.     The  Joint  Committee,  however,  desires  to  make  the 
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data  available  as  soon  as  possible  for  the  general  information  of  all 
interested  and  to  bring  out  comment  and  discussion.  The  present 
Preliminary  Report  is  therefore  published,  with  the  approval  of  the 
Bureau  of  Standards,  as  a  "preprint"  of  the  American  Society  for 
Testing  Materials,  for  presentation  and  discussion  at  its  Annual 
Meeting  in  June,  1922.  This  report  is  limited  to  the  presentation 
of  the  essential  test  data  in  graphical  form,  with  only  sufficient  explan- 
atory text  to  make  the  report  clear  and  self-contained.  The  graphical 
form  of  presenting  the  data  has  obvious  advantages  over  the  tabular 
form  for  a  preliminary  report,  enabling  the  reader  more  readily  to 
obtain  a  general  oversight  of  the  results.  The  complete  publication 
will  contain  tables,  photomicrographs,  illustrations  of  specimens  and 
much  descriptive  matter  that  are  omitted  from  the  present  report. 

Although  the  Joint  Committee  has  fully  reviewed  all  the  test 
data  herein  presented,  it  has  decided,  for  the  present,  to  defer  the 
drawing  and  publishing  of  formal  conclusions. 

Description  of  Material. 

The  steel  for  this  investigation  was  manufactured  by  the  Carnegie 
Steel  Co.  at  their  Duquesne  Works.  In  January,  1920,  the  Committee 
on  Manufacture  visited  these  works  and  witnessed  all  stages  of  the 
process  of  manufacture  of  seven  heats  of  basic  open-hearth  rivet  steel 
and  their  rolling  into  rivet  rounds.  (Heats  F,  G,  J?,  /,  K,  P  and  My 
Table  I.)  Seventy-five-ton  heats  were  used,  material  not  required 
for  the  investigation  being  routed  elsewhere.  In  the  manufacture 
of  this  material  neither  the  ingots  nor  billets  were  allowed  to  go  cold. 
The  Committee  also  accepted  the  offer  of  the  company  to  furnish 
five  ingots  of  basic  open-hearth  rivet  steel,  containing  sulfur  within 
the  required  range,  that  had  been  made  a  few  weeks  previously  and  set 
aside  for  possible  use.  The  Committee  witnessed  the  entire  process 
of  -rolling  these  five  ingots  into  rods.  (Heats  A,  jB,  C,  D  and  JE, 
Table  I.)  He^ts  S  and  R  were  made  and  rolled  into  rods  subsequent 
to  the  visit  of  the  Committee.  Complete  data  on  the  manufacture  of 
all  heats  were  obtained  by  the  Committee,  including  details  of  the 
charge  in  the  furnace,  additions  in  the  furnace  and  ladle,  and  temper- 
atures of  blooming  and  of  rolling. 

In  Table  I  are  given  the  average  contents  of  sulfur,  carbon,  man- 
ganese, phosphorus  and  silicon,  each  value  (except  those  for  silicon) 
being  the  average  of  14  analyses  made  as  hereinafter  described.  The 
values  for  silicon  are  the  average  of  two  analyses.  The  ingots  that 
were  cold  before  rolling  are  identified. 

Heat  M  showed  the  unusually  high  sulfur  content  on  ladle  analysis 
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of  0.175  per  cent.  The  Coininittee  witnessed  the  tapping  of  this  heat 
and  it  is  certain  that  no  sulfur  additions  were  made  either  in  the  ladle 
or  the  molds;  that  is,  the  sulfur  in  this  heat  is  "residual."  The  man- 
ufacturer stated  that  in  making  this  heat  a  considerable  quantity  of 
boiler  tubes  was  charged  into  the  furnace,  the  inner  surface  of  the 
tubes  being  coated  with  high-sulfur  boiler  scale,  which  in  all  proba- 
bility accounted  for  the  high  sulfur  content  of  the  finished  product. 

Each  ingot  was  18  by  21  by  72  in.  (approximately  6400  lb.). 
After  a  top  discard  of  40  per  cent,  each  ingot  was  rolled  into  six  billets 
4  by  4  by  48  in.  (approximately  220  lb.).  The  billets  were  numbered 
from  one  to  six  in  sequence  from  the  top  of  the  ingot  and  each  was 
stamped  with  the  heat  and  billet  number.  Billets  1,  2,  3  and  4  from 
each  ingot  were  rolled  into  fj-in.  rounds,  each  billet  yielding  eight 
bars  9  ft.  8  in.  in  length.  Billets  5  and  6  from  each  ingot  were  later 
rolled  into  slabs. 

All  of  the  ingots  and  billets  rolled  satisfactorily,  including  the 
ingot  from  heat  Jf ,  with  the  exception  of  the  ingot  from  heat  P,  which 
cracked  slightly  in  blooming. 

The  bars  were  segregated  into  eight  separate  and  similar  groups, 
each  group  containing  one  bar  from  each  of  the  four  billets  rolled  into 
bars  from  each  ingot,  a  total  of  56  bars.  Each  bar  was  marked  with 
the  heat  letter  and  with  the  position  in  the  ingot  of  the  billet,  that  is, 
1,  2,  3  and  4.  It  was  not  thought  necessary  to  locate  the  position  of 
the  bar  in  the  billet  inasmuch  as  one  billet  represents  only  a  small 
fraction  of  the  original  ingot  weight.  One  group  was  sent  to  Water- 
town  Arsenal,  Watertown,  Mass.,  a  second  to  the  U.  S.  Naval  Engi- 
neering Experiment  Station,  Annapolis,  Md.,  and  a  third  to  the  Bureau 
of  Standards,  Washington,  D.  C.  One  group  was  retained  by  the 
manufacturer,  and  the  remaining  four  groups  were  manufactured 
into  rivets. 

The  rivets  were  made  with  two  types  of  head,  cone  and  button, 
the  cone-head  rivets  being  manufactured  at  the  Altoona  Shops  of  the 
Pennsylvania  System,  and  the  button-head  rivets  at  the  works  of  the 
Champion  Rivet  Co.,  Cleveland.  Rivets  were  made  in  the  lengths 
of  2j,  3§  and  6  in.  Thirty-six  rivets  of  each  length  and  of  each  type 
of  head  were  made  from  each  heat,  a  total  of  2808  rivets.  (No  rivets 
were  made  from  heat  5.)  The  rivets  were  headed  at  the  two  shops 
at  average  temperatures  of  2090  and  1965°  F.,  respectively.  After 
heading,  the  rivets  were  stamped  with  the  heat  and  billet  number  and 
one-third  shipped  to  each  of  the  three  laboratories  above  mentioned. 
The  manufacture  of  the  rivets  at  both  plants  was  witnessed  by  repre- 
sentatives of  the  Committee  on  Manufacture. 
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From  billets  5  and  6  of  each  heat  there  were  rolled  late  in  1920 
flats  5^  in.  wide  by  1  in.  thick,  4  ft.  6  in.  long,  two  from  each  heat. 
One  flat  from  each  heat  was  sent  to  Watertown  Arsenal  and  the  other 
to  the  U.  S.  Naval  Engineering  Experiment  Station.  These  flats  were 
rolled  only  in  the  lengthwise  direction,  and  were  used  to  secure  speci- 
mens whose  longitudinal  axes  were  perpendicular  to  the  direction  of 
rolling,  as  described  later. 

Description  of  Test  Specimens  and  Methods. 
One  set  of  material  was  tested  at  the  laboratory  of  Watertown 
Arsenal  and  a  duplicate  set  was  tested  at  the  U.  S.  Naval  Engineering 
Experiment  Station.  The  test  procedures  outlined  at  the  beginning 
of  the  investigation  were  followed  as  carefully  and  closely  as  possible 
by  the  two  laboratories,  so  that  the  Committee  has  obtained  directly 
comparable  test  data  from  two  separate  laboratories  on  material 
identical  for  all  practical  purposes.  A  brief  description  of  the  tests 
and  methods  follows. 

TESTS  OF  RIVET  BARS. 

Rivet  bars  were  tested  in  tension,  impact  (Charpy,  Izod  and 
impact  shear),  hardness  (Brinell  and  scleroscope),  bend,  torsion  and 
shear.  The  Izod  impact  tests  were  made  only  at  Watertown  Arsenal, 
and  the  impact  shear  tests  only  at  the  Naval  Experiment  Station. 
All  other  tests  were  made  at  both  laboratories. 

Of  the  56  bars  (four  bars  each  from  14  heats)  first  sent  to  each 
laboratory,  half  (two  bars  from  each  heat)  were  tested  in  the  natural 
condition  '^as  received,"  and  half  in  annealed  condition.  Later,  one 
bar  from  each  heat  was  sent  to  each  laboratory  from  the  reserve  supply 
at  the  Bureau  of  Standards,  and  these  were  tested  in  the  quenched 
condition. 

Chemical  Analyses. — ^At  Watertown  Arsenal,  separate  chemical 
analyses  were  made  on  drillings  taken  from  a  broken  tension  test 
specimen  from  each  bar  in  natural  and  annealed  condition,  that  is, 
four  analyses  per  heat.  At  the  Naval  Experiment  Station,  separate 
analyses  were  made  on  drillings  taken  from  samples  cut  from  each 
end  of  each  bar  as  delivered,  that  is,  eight  analyses  per  heat.  No 
chemical  analyses  were  made  on  the  bars  tested  in  the  quenched 
condition.'  Sulfur,  carbon,  manganese  and  phosphorus  were  deter- 
mined in  each  analysis,  using  the  methods  specified  by  the  American 
Society  for  Testing  Materials.  The  silicon  contents  reported  are  the 
average  of  two  analyses  from  each  heat,  made  at  the  Naval  Experiment 
Station.  Determinations  to  detect  the  presence  of  nickel  and  chro- 
mium were  also  made. 
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Heat  Treaimeni. — ^The  bars  were  first  cut  up  into  the  required 
number  of  specimens.  In  the  case  of  material  to  be  heat-treated,  the 
various  pieces  of  bar  thus  obtained  were  annealed  or  quenched.  In 
annealing,  the  pieces  were  heated  to  925-950°  C.  (1687-1742*^  F.), 
held  for  one-half  hour  and  cooled  in  the  furnace.  In  quenching,  the 
pieces  were  heated  to  925-950°  C.  (1687-1742°  F.);  in  the  case  of  the 
Watertown  Arsenal  tests,  they  were  held  for  one  hour  and  in  the 
case  of  the  Naval  Experiment  Station  tests  for  one-half  hour  before 
quenching  in  water  at  21-23°  C.  (70-73°  F.).  All  machine  work  on 
specimens  requiring  machining  was  done  after  heat  treatment.  That 
is,  all  heat  treatment  was  done  on  full-size  sections  of  the  bars  as  rolled. 

Number  of  Tests. — At  Watertown  Arsenal,  there  were  made  for 
each  heat  six  tension  tests,  eight  Charpy  and  eight  Izod  impact  tests, 
two  Brinell  and  two  scleroscope  hardness  tests,  six  bend  tests,  six 
torsion  tests  and  six  shear  tests  for  material  in  natural  condition,*a 
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Fig.  1. — Test  Specimen  for  Charpy  Impact  Test.^ 

like  number  of  tests  for  material  in  annealed  condition,  and  one-half 
that  mmiberof  tests  for  material  in  quenched  condition.  (Izod  and 
shear  tests  for  heat  S  in  natural  and  annealed  conditions  were  not 
reported  by  this  laboratory.)  At  the  Naval  Experiment  Station, 
there  were  made  for  each  heat  six  tension  tests,  eight  Charpy  and 
eight  impact  shear  tests,  two  Brinell  and  two  scleroscope  hardness 
tests,  four  bend  tests,  six  torsion  tests  and  two  shear  tests  for  material 
in  natural  condition  and  for  material  in  annealed  condition.  For 
material  in  quenched  condition,  three  tension  tests,  four  Charpy  and 
four  impact  shear  tests,  two  Brinell  and  two  scleroscope  hardness 
tests,  four  bend  tests,  two  torsion  tests  and  two  shear  tests  were  made 
for  each  heat. 

In  addition,  Fr6mont  impact  tests  were  made  at  Watertown 
Arsenal  on  a  total  of  20  specimens  from  each  heat  for  the  three  con- 

>  SjMcimen  illustrated  is  that  used  at  Watertown  Arsenal.     Specimen  used  at  Naval  Experiment 
Station  differed  only  in  that  the  radius  at  the  bottom  of  the  notch  was  0.0197  in. 
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ditions,  which  are  not  given  in  this  preliminary  report.  Including 
these  tests,  there  were  3180  tests  made  on  the  rivet  bars. 

Specimens. — Tension  test  specimens  were  the  standard  A'.S.T.M. 
specimens,  0.505  in.  in  diameter  and  2-in.  gage  length,  with  threaded 
ends.  The  Charpyand  Izod  impact  test  specimens  (notched)  are 
illustrated  in  Figs.  1  and  2.  The  impact  shear  specimens  (un- 
notched)  were  f  by  J  by  3  in.  The  bend  test  specimens  at  Watertown 
Arsenal  were  full  size,  with  the  scale  just  turned  oflf.  At  the  Naval 
Experiment  Station  the  bend  test  specimens  were  machined  from  the 
bars  to  rectangular  form  (approximately  1  by  J  in.  in  cross-section) 
with  comers  rounded  to  a  radius  of  f^  in.  The  torsion  test  specimens 
(9j  in.  long)  were  turned  to  a  diameter  of  \  in.  for  a  length  of  5i  in. 
with  fillets  at  the  shoxilders  of  f -in.  radius.  The  shear  tests  were  made 
upon  full-size  specimens.  All  machine  work  was  done  at  the  respec- 
tive laboratories. 

Methods. — ^In  general,  the  standard  methods  of  the  American 
Society  for  Testing  Materials  were  followed  where  applicable.    Ten- 

% 


•« 


^  I I \_\i St 


z.r- 


IT 


S        K — - 30"' — >| 


c> 


Pig.  2. — Test  Specimen  for  Izod  Impact  Test. 


sion  tests  at  Watertown  Arsenal  were  made  on  a  100,000-lb.  Riehle 
testing  machine.  The  specimens  were  pulled  at  a  speed  of  0.03  in.  per 
minute  up  to  the  proportional  limit  and  1  in.  per  minute  above  the 
proportional  limit.  A  Berry  strain  gage  was  used.  At  the  Naval 
Experiment  Station  tension  tests  were  made  on  a  50,000-lb.  Olsen 
testing  machine,  with  pulling  speeds  of  0.04  and  0.24  in.  per  minute 
below  and  above  the  proportional  limit,  respectively.  A  Riehle 
extensometer  was  used. 

In  the  impact  tests,  a  30-kg.-meter  Charpy  pendulum  machine  was 
used  at  each  laboratory.  The  Izod  impact  tests  were  made  at  the 
Watertown  Arsenal  on  a  125-ft-lb.  Izod  pendulum  hammer  machine. 
The  impact  shear  tests  were  made  at  the  Naval  Experiment  Station 
according  to  a  method  developed  at  the  Station  and  published  in  a 
paper  by  D.  J.  McAdam,  Jr.,  entitled  "Endurance  and  Impact  Tests 
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of  Metals."*  The  test  consists  of  shearing  an  unnotched  specimen  by 
means  of  a  swinging  pendulum,  the  residual  energy  in  the  pendulum, 
as  in  the  case  of  the  Charpy  and  Izod  notched  impact  tests,  being 
measured  by  the  height  to  which  it  swings  after  breaking  the  specimen. 

Brinell  hardness  was  determined  at  each  laboratory  upon  a  3000- 
kg.  Brinell  machine.  The  Shore  scleroscope  was  used  in  determining 
the  scleroscope  hardness;  at  the  Naval  Experiment  Station  a  magnify- 
ing hammer  was  used  and  from  the  results  were  calculated  the  cor- 
responding values  for  the  universal  hammer. 

Bend  tests  were  made  by  first  bending  the  specimen  to  an  angle 
of  60  deg.,  using  a  die  block  with  faces  at  60  deg.  and  nose  rounded 
to  a  radius  of  i  in.,  and  then  to  180  deg.  flat  on  itself  between  the 
heads  of  a  tension  testing  machine.  The  1  by  J-in.  specimen  used  at 
the  Naval  Experiment  Station  was  bent  with  the  1-in.  face  against  the 
die  block. 

Torsion  tests  at  each  laboratory  were  made  on  a  60,000-in-lb. 
Olsen  testing  machine.  Up  to  the  proportional  limit,  the  angular 
speed  used  at  Watertown  Arsenal  was  1.5  deg.  per  minute  and  at  the 
Naval  Experiment  Station  1.26  deg.  per  minute;  above  the  propor- 
tional limit,  the  angular  speeds  at  the  two  laboratories  were  180  and 
160  deg.  per  minute,  respectively. 

The  shear  tests  at  both  laboratories  were  made  in  a  suitable 
double  shear  fixture,  the  load  being  applied  with  the  tension  testing 
machine. 

tests  of  rivets. 

Rivets  were  tested  as  follows:  Shanks  bent  cold  in  natural  condi- 
tion; shanks  bent  cold  in  quenched  condition;  heads  flattened  hot; 
shanks  flattened  hot;  shanks  upset  cold;  and  shanks  upset  hot. 
Riveted  joints  with  rivets  in  single  and  double  shear  were  also  tested. 
The  hot  flattening  and  hot  upsetting  tests  on  shanks  were  made  only 
at  Watertown  Arsenal;  all  other  tests  were  made  at  both  laboratories. 

Each  laboratory  received  twelve  rivets  of  each  length  (2f ,  3§  and 
6  in.)  and  of  each  type  of  head,  cone  and  button;  a  total  of  72  rivets 
from  each  heat,  excepting  heat  S,  from  which  no  rivets  were  manu- 
factured. 

No  chemical  analyses  were  made  of  any  of  the  rivets,  so  that  all 
tests  are  referred  to  the  average  chemical  determinations  made  on  the 
rivet  bars  and  slabs  for  the  respective  heats. 

The  total  number  of  tests  of  rivets  was  962. 

Bend  Tests, — Bend  tests  on  the  shanks  of  6-in.  rivets  (after 
removal  of  heads) ,  in  natural  condition  "  as  received  "  and  in  quenched 

»  Froctedings,  Am.  Soc.  Test.  Mats..  Vol.  XVI.  Part  II.  p.  299  (1916). 
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condition,  were  made  by  bending  cold  through  180  deg.  flat.  At 
the  Watertown  Arsenal  the  bending  was  accomplished  by  means 
of  a  steam  hammer;  at  the  Naval  Experiment  Station  it  was  done 
in  a  testing  machine.  At  Watertown  Arsenal,  six  rivets  from 
each  heat  were  tested  in  each  condition.  In  quenching,  the  shanks 
were  heated  to  650°  C.  (1200°  F.),  held  ten  minutes  and  quenched 
in  water  at  21-27°  C.  (70-80°  F.) .  At  the  Naval  Experiment  Station 
two  rivets  from  each  heat  were  tested  in  each  condition.  In  quench- 
ing, the  shanks  were  heated  to  940°  C.  (1725°  F.),  held  for  one-half 
hour  and  quenched  in  water  at  27°  C.  (81°  F.).  One  half  of  the 
rivets  tested  at  this  laboratory  had  the  surface  scale  removed  by 
*'rough-tuming''  in  a  lathe  before  bending. 

Flattening  Tests. — Hot  flattening  tests  were  made  on  the  heads 
and  shanks  of  rivets.  The  heads  were  flattened  while  hot  under  a 
steam  hanmier  to  a  diameter  at  least  2^  times  the  diameter  of  the 
shank.  The  temperatures  of  testing  at  Watertown  Arsenal  and  the 
Naval  Experiment  Station  were  respectively  870°  C.  (1600°  F.)  and 
982-1024°  C.  (1800-1875°  F.).  Three  cone-head  and  three  button- 
head  rivets  from  each  heat  were  tested  at  the  former  laboratory,  and 
two  rivets  of  each  tjrpe  from  each  heat  at  the  latter. 

Hot  flattening  tests  on  shanks  were  made  by  heating  the  shanks 
to  870°  C.  (1600°  F.)  and  flattening  at  that  temperature  under  a 
steam  hammer  to  a  thickness  of  approxunately  |  in.,  tapering  to  a 
thickness  at  the  edge  oi  ^  to  ^  in.  Three  cone-head  and  three 
button-head  rivets  from  each  heat  were  tested. 

Upsetting  Tests. — Cold  and  hot  upsetting  tests  were  made  on 
the  shanks.  The  rivets  were  placed  in  a  die  with  the  head  down  and 
the  end  of  the  shank  struck  with  a  steam  hammer.  At  Watertown 
Arsenal  the  length  of  the  shank  was  reduced  to  one-third  and  at  the 
Naval  Experiment  Station  to  two-thirds  of  the  original  length.  The 
hot  upsetting  tests  were  made  at  a  temperature  of  982°  C.  (1800°  F.). 
At  Watertown  Arsenal  three  rivets  of  each  tjrpe  from  each  heat  were 
upset  cold  and  a  like  number  upset  hot.  At  the  Naval  Experiment 
Station  two  rivets  of  each  type  from  each  heat  were  upset  cold. 

Tests  of  Riveted  Joints. — In  these  tests  chrome-nickel-steel  plates 
f  in.  thick  were  riveted  together  under  standard  conditions.  At 
Watertown  Arsenal  two  cone-head  and  two  button-head  rivets  from 
each  heat  were  tested  in  single  shear  and  the  same  number  in  double 
shear.  At  the  Naval  Experiment  Station  six  rivets  of  each  type  from 
each  heat  were  tested  in  single  shear  and  three  in  double  shear.  The 
plates  were  placed  under  tension  in  a  tension  testing  machine. 
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TESTS  of 


bcaterial  from  slabs. 


From  the  slabs  (5\  by  1  in.)  rolled  from  each  heat,  specunens  were 
secured  whose  longitudinal  axes  were  perpendicular  to  the  direction 
of  rolling  the  slabs.  These  specimens  were  tested  in  tension,  impact 
(Charpy  and  impact  shear),  hardness  (Brinell  and  scleroscope),  bend, 
and  shear.  The  impact  shear  tests  and  the  static  shear  tests  were 
made  only  at  the  Naval  Experiment  Station,  and  the  hardness  tests 
were  made  only  at  Watertown  Arsenal.  The  other  tests  were  made  at 
both  laboratories. 

Table  I. — ^Average  Chemical  Compositions,  with  Mean  Divergences. 

Eaofa  value  (except  those  for  tUioon)  is  the  average  for  separate  analyses  on  14  sampleB  from  each  heat.    The  values 
for  alioon  are  the  average  of  separate  anahrses  on  two  aamples  from  eadi  heat. 
The  heats  are  arranged  in  the  order  of  ineroaaang  sulfur  oontents. 


Heat 
Letter. 


Ingot  Hot 
or  Odd 


Sulfur, 
percent. 


Osrbon. 
percent. 


peroent 


Phosphorus, 
percent. 


^COD, 

per  cent. 


A.. 
F.. 
H., 
0.. 
B.. 
C 
J.. 
K.. 
E.. 
D.. 
P.. 
8.. 
R.. 
M. 


Cold 
Hot 
Hot 
Hot 
Cold 
Cold 
Hot 
Hot 
Cold 
Cold 
Hot 
Hot 
Hot 
Hot 


0.0282  =k  0.0015 

0.0317:^:0.0016 
0.0355  ±0.0015 
0.0367  ±0.0020 
0  0377  ±0  0009 
0.0444  ±0.0026 
0.0402  ±0.0016 
0.0580  ±0.0030 
0.0606±0  0033 
0.0608  ±0.0012 
0.0633  ±0.0018 
0.0695  ±0.0028 
0.0834  ±0.0033 
Q.1703±  0.0027 


0.136±0.0037 
0.149±0.0043 
0.110  ±0.0025 
0.137  ±0.0037 
0.112  ±0.0080 
0.107  ±0.0075 
0.107  ±0.0037 
0.115±0.0050 
0.104  ±0.0037 
0.094  ±0.0040 
0.116  ±0.0037 
0.104  ±0.0043 
0.106±  0.0037 
0.106  ±0.0037 


0.426±  0.021 
0.642  ±0.0075 
0.302  ±0.0037 
0.466  ±0.0037 
0.392  ±0.012 
0.455±0.005 
0.355  ±0.0062 
0.411  ±0.0087 
0.457  ±0.006 
0.385  ±0.015 
0.432  ±0.005 
0.420±0.020 
0.472  ±0.0025 
0.512  ±0.0075 


0.0062  ±0.0005 
0.0082  ±0.0017 
0.0055  ±0.0015 
0.0085  ±0.0015 
0.0082  ±0.0009 
0.0082  ±0.0012 
0.0062  ±0.0027 
0.0105  ±0.0025 
0.0105  ±0.0010 
0.0127  ±0.0020 
0.0240  ±0.0030 
0.0117  ±0.0003 
0.0112  ±0.0030 
0.0060  ±0.0030 


0  002 
0.004 
0.008 
0.057 
0.005 
0.009 
O.OIO 
0.002 
0.005 
0.002 
0.004 
0.003 
0.007 
0.002 


One  slab  from  each  of  the  14  heats  was  tested  at  Watertown 
Arsenal  and  one  at  the  Naval  Experiment  Station.  At  both  labora- 
tories material  was  tested  in  natural  condition  "as  received"  and  in 
annealed  condition.  At  the  Naval  Experiment  Station,  tests  were 
also  made  on  material  in  quenched  condition. 

Chemical  Analyses. — Chemical  analyses  were  made  at  Watertown 
Arsenal  only,  on  drillings  taken  from  two  broken  tension  test  speci- 
mens from  each  heat,  one  tested  in  the  natural  condition  and  one  in 
the  annealed  condition. 

Heat  Treatment, — The  procedure  in  annealing  and  quenching  the 
specimens  was  exactly  as  described  previously  for  the  heat  treatment 
of  specimens  from  the  rivet  bars. 
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Number  oj  Tests. — ^At  Watertown  Arsenal,  there  were  made  for 
each  heat  three  tension  tests,  four  Chaipy  impact  tests,  one 
Brinell  and  one  scleroscope  hardness  test  and  three  bend  tests  for 
material  in  natural  condition,  and  a  like  number  of  tests  for  material 
in  annealed  condition.  At  the  Naval  Experiment  Station,  there  were 
made  for  each  heat  two  tension  tests,  four  Charpy  impact  tests  (two 
with  impact  in  direction  of  long  dimension  of  slab  and  two  with  impact 
at  right  angles  to  that  dimension),  eight  impact  shear  tests  (four  with 
impact  in  direction  of  long  dimension  of  slab  and  four  with  impact  at 
right  angles  to  that  dimension),  two  bend  tests  and  two  shear  tests 
for  material  in  natural  condition,  and  a  like  nimiber  of  tests  for  material 
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Fig.  3. — ^Average  Carbon  and  Manganese  Contents  Plotted  Against  the  Average 
Sulfur  Content  of  Each  Heat.     (See  Table  I.) 

in  annealed  condition  and  in  quenched  condition.  The  total  number 
of  tests  was  1092. 

Specimens, — ^The  tension,  impact  and  shear  test  specimens  were 
of  the  same  form  and  dimensions  as  previously  described  for  tests  on 
rivet  bars.  In  both][laboratories  the  bend  test  specimens  were  rect- 
angular bars  1  by  ^  in.  in  cross-section,  with  comers  rounded  to  a 
radius  oi^m. 

Methods, — The  methods  of  testing  used  were  as  previously 
described  for  the  tests  on  rivet  bars.  At  the  Naval  Experiment 
Station  the  Charpy  and  unpact  shear  tests  were  made  with  tlie  direc- 
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tion  of  impact  both  in  the  direction  of  the  long  dimension  of  the  slab 
and  at  right  angles  to  the  long  dimension  of  the  slab.  In  making  the 
bend  tests,  the  specimens  were  bent  in  a  direction  perpendicular  to 
that  of  the  long  dimension  of  the  slab,  the  bending  in  all  cases  being 
done  with  the  1-in.  face  of  the  specimen  against  the  die  block. 

Presentation  of  Test  Data. 

As  previously  explained,  separate  chemical  analyses  were  made 
on   14  samples  of  material  from  each  heat,  sulfur,  carbon,  man- 

40  000 


35  000 


30  000 


25  000 


^  20  000 


.-fc   15  000 

CO 


10  000 

5  000 

0, 


— y'      ' 

r 

r 

k 

i 

^^/>—. 

14 

/ 

/ 

sf 

r 

^aooos-* 

/ 

J 

\ 

/ 

aooi 

0 


0.002 
0.001 


0.003 
0.002 


0.003 


Unl+        Elongation 


Fig.  4. — Typical  Stress-Strain   Curves.     Bars  from  Heat  C;    Sulfur   0.0444   per 

cent.     Natural  Condition. 

ganese  and  phosphorus  being  determined  in  each  analysis.  Silicon 
was  also  determined  on  two  samples  from  each  heat.  In  order  to 
obtain  some  uniform  basis  for  plotting  the  physical  properties,  the 
Committee  averaged  for  each  heat  the  14  reported  determinations  of 
sulfur,  carbon,  manganese  and  phosphorus.  These  average  values, 
with  the  mean  divergences,  are  given  in  Table  I.  The  average  sulfur 
content  for  each  heat  as  thus  determined  is  used  for  that  heat  through- 
out in  plotting  the  figures.  In  Table  I,  the  heats  are  arranged  in  the 
order  of  increasing  average  sulfur  content. 
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The  average  percentages  of  carbon  and  manganese  have  been 
plotted  against  the  sulfur  contents  in  Fig.  3.  The  phosphorus  and 
silicon  contents  are  low  and  quite  uniform,  and  are  not  plotted  on  the 
figure.  It  was  desired  that  the  carbon  in  these  steels  should  range  from 
0.06  to  0. 1 2  per  cent.  It  will  be  seen  that  only  in  the  case  of  three  heats 
{Ay  F  and  G)  is  the  carbon  content  above  0.12  per  cent.  With  these 
exceptions,  Uie  carbon  content  is  quite  uniformly  in  the  neighborhood 
of  0.11  per  cent.  (The  average  of  the  carbon  contents  of  all  heats  is 
0.115  per  cent.)  There  is  a  greater  variation  in  the  manganese  con- 
tent. The  aim  was  to  secure  steels  with  manganese  from  0.35  to  0.40 
per  cent.  While  none  of  the  steels  fell  below  0.35  per  cent  of  man- 
ganese, some  ran  much  higher  than  was  intended,  heat  F,  for  example, 
having  the  unusually  high  content  for  rivet  steel  of  0.642  per  cent. 
(The  average  of  the  manganese  contents  of  all  heats  is  0.442  per  cent.) 
The  influence  of  the  higher  manganese  contents  of  heats  F  and  G, 
combined  with  the  higher  carbon  contents  of  the  same  heats,  is  clearly 
indicated  in  the  study  of  the  ph3rsical  properties. 

For  the  purpose  of  this  preliminary  report  the  Conmiittee 'decided 
to  present  all  of  the  data  on  physical  tests  in  graphical  rather  than 
tabulated  form,  since  the  use  of  curves  permits  of  far  readier  study 
of  the  significance  of  the  tests.  In  the  figures  that  follow,  the  per- 
centages of  sulfur  are  plotted  as  abscissas  and  the  various  properties 
determined  are  plotted  as  ordinates.  Light  vertical  dotted  lines  are 
drawn  at  the  average  sulfur  contents  for  each  heat  (Table  I)  and  are 
marked  with  the  corresponding  heat  letters.  The  same  vertical  scales 
are  used  in  the  different  figures  wherever  possible,  and  the  endeavor 
has  been  made  in  plotting  properties  expressed  in  different  units  to 
use  proportionate  scales.  Thus,  stresses  in  tension  are  reported 
between  limits  of  0  to  70,000  lb.  per  sq.  in.  and  impact  values  between 
limits  of  0  to  70  ft-lb.  Hence,  scales  were  adopted  in  plotting  these 
values  such  that  one  space  interval  represents  10,000  lb.  per  sq.  in. 
and  10  ft-lb.,  respectively.  In  this  way  comparative  study  of  the 
curves  is  facilitated.  The  results  obtained  at  the  two  laboratories  are 
plotted  separately.  Straight  lines  have  been  drawn  connecting  the 
average  of  the  values  obtained  at  the  two  laboratories  for  successive 
heats,  these  averages  being  determined  with  regard  to  the  number  of 
tests  of  which  each  plotted  value  is  the  average. 

Separate  curves  have  been  drawn  for  tests  on  material  in  the 
natural,  annealed  and  quenched  conditions.  Where  this  has  required 
separate  figures  for  each  condition  (as  in  the  case,  for  example,  of  the 
tension,  impact  and  torsion  tests),  other  figures  have  been  prepared 
(Figs.  8,  12,  17,  23  and  27)  in  which  curves  for  certain  of  the  physical 
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Fig.  5. — ^Tensile  Properties  of  Rivet  Bars  in  Natural  Condition. 
For  exx>lanatiofi  of  dotted  tensile  strength  curye,  see  text,  p.  125. 
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Fig.  6.— TeoiUe  Properties  of  Rivet  Bars  in  Annealed  Condition. 
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Pig.  7. — ^TeasQe  Properties  of  Rivet  Bars  in  Quenched  Condition. 
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Pig.  8. — Comparison  of  Tensile  Strengths  and  Reductions  of  Area  of  Rivet  Bars  in 
Natural,  Annealed  and  Quenched  Conditions.  (Curves  taken  from  Figs.  5, 
6aiid7.) 
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Pig.  9. — Impact  Values  of  Rivet  Bars  in  Natural  Condition. 


110' 


100 


90 


80 


0.17         0.18 


Wahrhwn  ArsenalTksh'  o 
Naval  BtperimenfS/aJhsk:  x 
Each  fhinf  PloHtd  P^piwunk  . 
the  Average  of  8  Tests, 


0.02        0.03        004         0.05         0.06        0.07        OjO&        a09  <     ai7  0.18 

Sulfur,        per    cent. 

Pic.  10. — ^Impact  Values  of  Rivet  Bars  in  Annealed  Condition. 
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Fig.  12. — Comparison  of  Charpy  and  Impact  Shear  Values  of  Rivet  Bars  in  Natural^ 
Annealed  and  Quenched  Conditions.    (Curves  taken  from  Figs.  9,  10  and  1 1.) 
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properties  for  the  three  conditions  have  been  grouped  for  purposes  of 
ready  comparison. 

The  Committee  wishes  here  to  direct  attention  to  the  very 
satisfactory  agreement  of  results  obtained  at  the  two  laboratories. 


tests  of  rivet  bars. 


Tension  Tests, — Typical  stress-strain  curves  of  tension  specimens 
from  the  rivet  bars  are  shown  in  Fig.  4.  These  are  from  bars  taken 
from  heat  C  (sulfur  0.0444)  in  the  natural  condition.  They  are  typical 
of  all  the  stress-strain  curves  obtained. 


Heat  Letters 


c 


ao6      ao7      0.08 

Sulfur,       per  cent 

Pig.  13. — ^Brinell  and  Scleroscx>pe  Hardness  Values  of  Rivet  Bars  in  Natural,  Annealed 
and  Quenched  Conditions. 

The  results  of  tension  tests  for  material  in  the  natural,  annealed 
and  quenched  conditions  are  given  in  Figs.  5,  6  and  7,  respectively. 
The  properties  plotted  are  proportional  limit,  yield  point,  tensile 
strength,  elongation  in  2  in.  and  reduction  of  area.  Attention  is 
called  to  the  fact  that  the  values  of  proportional  limit  and  yield  point 
reported  by  the  Naval  Experiment  Station  for  material  in  the  natural 
and  annealed  conditions  (Figs.  5  and  6)  are  identical.  The  values  of 
tensile  strength  and  reduction  of  area  for  the  three  conditions  are 
compared  in  Fig.  8. 
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Impact  Tests. — ^The  results  of  impact  tests  for  material  in  the 
natural,  annealed  and  quenched  conditions  are  given  in  Figs.  9,  10 
and  11,  respectively.  The  properties  plotted  are  Charpy  impact 
values,  Izod  impact  values  and  impact  shear  values.  The  Charpy  and 
impact  shear  values  for  the  three  conditions  are  compared  in  Fig.  12. 

Hardness  Tests. — ^The  Brinell  and  scleroscope  hardness  values  for 
material  in  the  natural,  annealed  and  quenched  conditions  are  plotted 
in  Fig.  13. 

Bend  Tests. — ^None  of  the  specimens  from  any  heat,  when  tested 
in  the  natural  and  annealed  conditions,  failed  when  beiit  through  180 
deg.  flat.  When  tested  in  the  quenched  condition  at  Watertown 
Arsenal,  one  of  the  three  specimens  from  heat  F  (sulfur  0.0317)  cracked 
when  bent  in  this  way  and  one  of  the  three  specimens  from  heat  R 
(sulfur  0.0834)  also  cracked;  all  of  the  other  specimens  in  the  quenched 
condition  passed  the  test.  None  of  the  specimens  tested  in  the 
quenched  condition  at  the  Naval  Experiment  Station  failed  in  this  test. 

Torsion  Tests. — The  results  of  torsion  tests  for  material  in  the 
natural,  annealed  and  quenched  conditions  are  given  in  Figs.'  14,  15 
and  16,  respectively.  The  properties  plotted  are  stress  at  proportional 
limit,  stress  at  maximima  torque,  angle  of  twist  per  inch  at  proportional 
limit  and  angle  of  twist  per  inch  at  break.  The  percentage  of  elonga- 
tion, the  reduction  of  area  and  the  shearing  modulus  of  elasticity  were 
also  determined,  but  since  they  have  no  special  significance  they  are 
not  included  in  this  preliminary  report.  The  values  of  stress  at 
maximum  torque  and  angle  of  twist  per  inch  at  break  for  the  three 
conditions  are  compared  in  Fig.  17. 

Shear  Tests. — ^The  shearing  strengths  of  the  rivet  bars  for  natural, 
annealed  and  quenched  conditions  are  given  in  Fig.  18. 

TESTS  OF  RIVETS. 

Bend  Tests. — ^AU  of  the  rivets  tested  in  either  natural  or  quenched 
condition  passed  the  test,  except  two  rivets  from  heat  M  (sulfur  0.1793) 
tested  in  the  quenched  condition  at  the  Naval  Experiment  Station. 
These  rivets  had  had  the  surface  scale  removed  and  failed  at  approx- 
imately 155  deg. 

Flattening  Tests. — All  of  the  heads  and  shanks  tested  passed  this 
test.  In  some  cases  a  few  minor  surface  cracks  showed,  but  nothing 
in  the  nature  of  failure  was  observed. 

Upsetting  Tests. — ^AU  of  the  shanks  tested  passed  the  cold  and 
hot  iq>setting  tests.  In  the  case  of  cold  upsetting,  a  few  small  cracks 
developed,  but  nothing  in  the  nature  of  fsdlure  was  observed. 

Tests  on  Riveted  Joints. — ^The  results  of  the  tests  on  riveted  joints 
are  given  in  Fig.  19. 
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Pig.  16.— Toxwonal  Properties  of  Rivet  Bare  in  Quenched  Condition. 
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Pig.  17. — Comparison  of  Stresses  at  Maximum  Torque  and  of  Angles  of  Twist  per 
Inch  at  Break  of  Rivet  Bars  in  Natural,  Annealed  and  Quenched  Conditions. 
(Curvee  taken  from  Fige.  14^  15  mi  16.) 
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TESTS  OF  "transverse"  BIATERIAL  FROM  SLABS. 

Tension  Tests. — The  results  of  tension  tests  for  material  in  the 
natural,  annealed  and  quenched  conditions  are  given  in  Figs.  20, 21  and 
22,  respectively.  The  properties  plotted  are  proportional  limit,  yield 
point,  tensile  strength,  elongation  in  2  in.  and  reduction  of  area.  The 
values  of  tensile  strength  and  reduction  of  area  for  the  three  condi- 
tions are  compared  in  Fig.  23. 

Impact  Tests, — The  results  of  impact  tests  for  material  in  the 
natural,  annealed  and  quenched  conditions  are  given  in  Figs.  24,  25 
and  26,  respectively.     The  properties  plotted  are  Charpy  impact 
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Fig.  18. — Shearing  Strengths  of  Rivet  Bars  for  Natural,  Annealed  and  Quenched 

Conditions. 

values,  with  impact  both  in  the  direction  of  and  at  right  angles  to  the 
long  dimension  of  the  slab,  and  impact  shear  values,  with  impact  also 
in  these  two  directions.  The  Charpy  and  impact  shear  values,  with 
impact  in  the  direction  of  the  long  dimension  of  the  slab,  for  material 
in  the  three  conditions  are  compared  in  Fig.  27. 

Hardness  Tests. — ^The  Brinell  and  scleroscope  hardness  values 
for  material  in  the  natural  and  annealed  conditions  are  given  in  Fig. 
28.    No  hardness  determinations  on  the  quenched  material  were  made. 

Bend  Tests. — ^AU  of  the  specimens  tested  in  the  natural  condition 
at  Watertown  Arsenal  bent  through  180  deg.  flat  without  failure  with 
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the  following  exceptions:  One  of  the  three  specimens  from  heat  R 
(sulfur  0.0834)  failed  and  two  of  the  three  specimens  from  heat  M 
(sulfur  0.1793)  failed.  All  of  the  specimens  tested  in  the  natural 
condition  at  the  Naval  Experiment  Station  passed  save  the  two 
representing  heat  M,  both  of  which  failed. 

All  of  the  specimens  tested  in  the  annealed  condition  passed  this 
test  at  both  laboratories,  except  that  two  of  the  three  specimens  from 
heat  M  (sulfur  0.1793)  tested  at  Watertown  Arsenal  failed. 

Of  the  specimens  tested  in  the  quenched  condition  (at  the  Naval 
Experiment  Station  only),  each  of  the  two  specimens  from  heats  K 
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Pig.  19.— Tests  of  Riveted  Joints.     Shearing  Strengths  of  Rivets  from  13  Heats 
Tested  in  Single  and  Double  Shear. 

(sulfur  0.0580),  P  (sulfur  0.0633),  R  (sulfur  0.0834),  and  M  (sulfur 
0.1793)  failed;  the  specimens  from  all  the  remaining  heats  passed 
this  test. 

Shear  Tests. — ^The  shearing  strengths  of  specimens  in  the  natural, 
annealed  and  quenched  conditions  are  given  in  Fig.  29. 

Discussion. 

As  has  previously  been  stated,  the  Joint  Committee,  while  it  has 

reviewed  all  of  the  test  data  in  this  investigation,  prefers  to  defer  any 

extended  discussion  of  the  results  and  the  drawing  and  publishing  of. 

formal  conclusions  therefrom.    From  its  study  of  the  data,  however. 
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Fig.. 20. — Tensile  Properties  of  Rivet  SteeL     Specimens  with  Longitudinal  Axes 
'  Perpendicular  to  Direction  of  Rolling.    Material  in  Natural  Condition. 
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Pig.  21. — Tensile  Properties  of  Rivet  Steel.     Specimens  with  Longitudinal  Axes 
Perpendicular  to  Direction  of  Rolling.    Material  in  Annealed  Condition. 
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Pig.  22. — Tensile  Properties  of  Rivet  Steel.     Specimens  with  Longitudinal  Axes 
Pefpendicular  to  Direction  of  Rolling.    Material  in  Quenched  Condition. 


Heat  Letters 
A    F   H6B        C     J  K£„/OP       S  R 


M 


70  000 

c 

^60000 

I. 

i  50000 


40000 


-     V 


c 


80 


60 


*a 


rm 


'    \  V  :St^4_4k^4/ 


Quenched 


!/>■ 


Tensile 


Strength \ 


n 


(Ny 


rr 


I    NaturaiCondfHonfm 

:    Anneakd     »       M)— — — 4 
I    Quenched     »       (Q) 


ao2      ao3      0.04      aos      aoe      o.07      0.08      ao9 

Sulfur,       per  cent. 


laiA 


J 'i 


ai7       01I8 


Fig.  23. — Comparison  of  Tensile  Strengths  and  Reductions  of  Area  of  Rivet  Steel. 
Specimens  with  Longitudinal  Axes  Perpendicular  to  Direction  of  Rolling. 
Material  in  Natural,  Annealed  and  Quenched  Conditions.  (Curves  taken  from 
Piaik  20,  21  and  22.) 
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Fig.  24. — ^Impact  Values  of  Rivet  SteeL    Spedmeoa  with  Longitudiiial  Axei 
Perpendicular  to  Direction  of  Rolling.    Material  in  Natural  Condition. 
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Fig.  25. — Impact  Values  of  Rivet  Steel.    Specimens  with  Longitudinal  Axes 
Perpendicular  to  Direction  of  Rolling.    Material  in  Annealed  Condition. 
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Fio.  26. — ^Impact  Values  of  Rivet  SteeL    Spedmens  with  Longitudinal  Axes 
Perpendicular  to  Direction  of  Rolling.    Material  in  Quenched  Condition. 
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Fig.  27. — Comparison  erf  Charpy  and  Impact  Shear  Values  of  Rivet  Steel.  Speci- 
mens with  Longitudinal  Axes  Perpendicular  to  Direction  of  Rolling.  Material 
in  Natural,  Annealed  and  Quenched  Conditions.  Impact  in  Direction  of  Long 
Dimension  of  Slab.     (Curves  taken  from  Pigs.  24,  25  and  26.) 
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Fig.  28. — Brinell  and  Scleroscope  Hardness  Values  of  Rivet  Steel.  Specimens  with 
Longitudinal  Axes  Perpendicular  to  Direction  of  Rolling.  Material  in  Natural 
and  Annealed  Conditions. 
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Fig.  29. — Shearing  Strength  of  Rivet  Steel.  Specimens  with  Longitudinal  Axes 
Perpendicular  to  Direction  of  Rolling.  Material  in  Natural,  Annealed  and 
Quenched  Conditions. 
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Pig.  30. — Comparison  of  Tensile  Strengths  and  Charpy  Impact  Values  of  Rivet 
Baxs  in  Natural,  Annealed  and  Quenched  Conditions.  (Curves  taken  from 
Figs.  8  and  12.) 
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Pig.  31. — Comparison  of  Tensile  Strengths  and  Charpy  Impact  Values  of  Rivet 
Steel  Specimens  with  Longitudinal  Axes  Perpendicular  to  Direction  of  Rolling. 
Material  in  Natural,  Annealed  and  Quenched  Conditions.  (Curves  taken  from 
Figs.  23  and  27.) 
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Pig.  32. — Comparison  of  Tensile  Properties  of  Rivet  Sted  in  Directions  Parallel  and 
Perpendicular  to  Direction  of  Rolling.  Material  in  Natural  Condition.  (Curves 
taken  from  Figs.  5  and  20.) 
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Direodons  Parallel  and  Perpendicular  to  Direction  of  Rolling.  Material 
in  Natural  Condition.    (Curves  taken  from  Pigs.  9  and  24.) 
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the  Joint  Committee  has  realized  the  possibilities  that  exist  for  com- 
parative study  of  the  various  properties  herein  reported.  While  the 
sole  purpose  of  the  Committee  in  this  report  is  to  present  the  test  data 
in  as  concise  and  convenient  form  as  possible,  there  is  some  advantage 
in  including  four  additional  figures  for  the  convenience  of  those  who 
desire  to  study  the  data  presented.  These  figures  are  suggestive  of 
the  possibilities  of  further  study. 

In  Fig.  30  are  compared  the  tensile  strengths  and  Charpy  impact 
values  of  the  rivet  bars  tested  in  the  natiural,  annealed  and  quenched 
conditions,  the  curves  being  taken  from  Figs.  8  and  12. 

In  Fig.  31  are  compared  the  tensile  strengths  and  Charpy  impact 
values  of  specimens  whose  axes  are  perpendicular  to  the  direction  of 
rolling  of  the  slab,  tested  in  the  natural,  annealed  and  quenched  con- 
ditions.   These  curves  are  taken  from  Figs.  23  and  27. 

In  Fig.  32  are  compared  the  tensile  properties  of  material  tested 
parallel  and  peipendicular  to  the  direction  of  rolling,  the  material 
in  each  case  being  in  the  natural  condition.  These  curves  are  taken 
from  Figs.  5  and  20. 

In  Fig.  33  are  compared  the  Charpy  and  impact  shear  values  of 
specimens  whose  axes  are  parallel  and  perpendicular  to  the  direction 
of  rolling,  the  material  being  tested  in  the  natural  condition.  These 
curves  are  taken  from  Figs.  9  and  24. 

Similar  figures  comparing  other  properties  for  the  materials  in 
the  different  conditions  and  tested  in  the  two  directions  may  readily 
be' plotted  from  the  data  submitted. 

An  examination  of  the  tensile  strength  curves  shows  clearly  the 
effect  of  the  carbon  and  manganese  contents  of  certain  heats  that  are 
considerably  above  or  below  the  average  percentages  of  these  elements. 
It  was  accordingly  determined  to  plot  a  "corrected"  tensile  strength 
curve  from  the  data  in  Fig.  5,  whidi  gives  the  average  tensile  strengths 
of  rivet  bars  tested  in  the  longitudinal  direction  in  the  natural  condi- 
tion.    The  "corrected"  tensile  strengths  were  obtained  from  the 
average  tensile  strengths  reported  by  deducting  or  adding  (as  required) 
a  number  of  pounds  per  square  inch  corresponding  to  the  differences 
between  the  actual  carbon,  manganese  and  phosphorus  contents  of 
each  heat  and  the  averages  of  those  elements  for  each  heat.     The 
factors  adopted  for  making  these  corrections  were:*    • 
770  lb.  per  sq.  in.  for  each  0.01  per  cent  of  carbon; 
1000  lb.  per  sq.  in.  for  each  0.01  per  cent  of  phosphorus; 
y  lb.  per  sq.  in.  for  each  0.0 1  per  cent  of  manganese. 

1  ThMe  values  are  taken  from  Campbell's  formula  for  t>asic  steel.  See  "The  Manufacture  and 
Properties  of  Iron  and  Steel."  H.  H.  Campbell,  Fourth  Bditioa,  p.  391.  The  values  of  **y*'  correspond- 
ing to  each  0.01  per  cent  of  manganese  are  given  in  Table  XVII-V,  p.  381  of  Campbell's  book. 
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The  committee  does  not  feel  that  there  are  sufficient  authori- 
tative data  available  to  make  corresponding  corrections  for  the 
material  in  the  annealed  and  quenched  conditions  and  for  material 
tested  transversely  to  the  direction  of  rolling.  Also,  there  are  not 
authoritative  data  available  for  correcting  the  other  physical 
properties,  such  as  impact  values,  hardness,  etc. 

Metallographic  Study. 

A  metallographic  study  of  this  material  has  been  made  by  the 
Joint  Committee  and  ynSl  be  reported  in  the  later  complete  publication. 

Respectfully  submitted  on  behalf  of  the  Joint  Committee, 

George  K.  Burgess, 
C.  L.  Warwick,  Chairman. 

Secretary. 
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DISCUSSION. 

Mr.  J.  S.  Unger  (presenkd  in  wriUen  fonm). — For  more  than  Mr.Uncer. 
40  years,  the  question  of  the  effect  of  sulfur  in  steel  has  attracted  the 
attention  of  metallurgists.    Much  study  has  been  given  to  this  sub- 
ject, extending  so  far  as  to  include  the  several  chemical  forms  or  com- 
binations in  which  it  exists,  particularly  in  cast  iron. 

Within  a  period  of  20  years,  the  tonnage  of  steel  made  by  the  two 
principal  processes,  the  bessemer  and  the  basic  open-hearth,  has 
undergone  a  great  change.  In  1900,  about  65  per  cent  of  the  total 
tonnage  was  bessemer,  in  1920,  25  per  cent. 

With  the  change  in  processes  came  a  change  in  the  sulfur  content 
in  steel,  the  average  sulfur  in  bessemer  steel  being  at  least  0.065, 
against  0.040  per  cent  in  the  basic  open-hearth.  Structures  of  all 
kinds  built  from  20  to  40  years  ago  of  bessemer  steel,  are  still  in  service 
today,  being  one  of  the  best  evidences  that  steel  may  contain  a  con- 
siderably higher  percentage  of  sulfur  than  is  permissible  in  present 
basic  open-hearth  steel  specifications,  and  still  give  years  of  excellent 
service. 

Additional  evidence  is  found  by  making  a  study  of  soft,  medium 
and  hard  steel  parts,  which  have  worn  out  in  service,  giving  a  good 
life,  and  which  in  many  cases  have  contained  more  than  0.065  per  cent 
of  sulfur.  On  the  other  hand,  equally  convincing  evidence  is  found 
for  the  same  kinds  of  steels  failing  after  a  short  time  in  similar  service, 
in  which  the  sulfur  has  been  under  0.040  per  cent.  Evidence  of  the 
above  kind  is  enough  to  make  one  hesitate  in  forming  an  opinion 
whether  a  reasonable  amount  of  sulfiu:,  say  under  0.100  per  cent,  is 
detrimental  or  otherwise.  These  facts  conflict  with  the  generally 
accepted  opinion  that  steel  is  of  poor  quality  and  shQuld  not  be  used 
for  any  important  work,  imless  it  be  low  in  sulfur.  I  sincerely  hope 
the  committee  will  give  this  angle  of  their  work  serious  consideration 
in  their  future  studies. 

In  discussing  the  committee's  preliminary  report,  I  have  copied 
graphs  from  their  report,  combining  a  nimiber  of  their  graphs  in  a 
single  figure  and  inserting  a  line  for  sulfur  in  order  that  it  may  be  more 
easily  and  quickly  comprehended.  In  this  chart.  Fig.  1, 1  have  shown 
the  composition  curves  for  carbpn  and  manganese  at  the  bottom,  add- 
ing a  line  for  the  sulfur  content.  Since  the  ordinates  and  abscissas  are 
in  percentages  of  sulfur,  the  line  for  sulfur  becomes  a  gradually  rising 
straight  line. 
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Fig.  1.— Comparison  of  Composition  Curves  with  Curves  for  Various  Tests. 
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The  eflfect  of  the  carbon  and  manganese  in  the  several  heats  is  Mr.  Unge 
clearly  shown  by  the  approximate  parallelism  of  the  composition 
curves  with  those  representing  the  strength  in  tensile,  shearing,  tor- 
sion and  impact  and  with  the  hardness  curves.    All  the  curves  for  the 
physical  properties  are  not  shown  as  there  is  not  sufficient  space. 

The  striking  thing  in  the  chart  seems  to  be  that  changes  in  the 
carbon  and  manganese  content  are  immediately  reflected  by  similar 
changes  in  the  physical  properties  of  the  several  heats  with  little, 
if  any,  change  due  to  the  increasing  sulfur.  It  is  almost  impossible 
to  make  a  number  of  heats  of  steel  containing  exactly  the  same  per- 
centage of  carbon  and  manganese.  Since  this  is  true,  it  is  practically 
impossible  to  determine  the  effect  of  sulfur  if  other  variables  in  com- 
position exist  in  the  steel. 

In  studjdng  this  same  problem  during  1915,  I  believed  it  best 
to  use  the  same  heat  of  steel,  but  to  vary  the  sulfur  content  in  the 
individual  ingots  of  the  heat.  My  results  were  given  in  full  in  a  paper 
before  the  Society  of  Automotive  Engineers,  in  January,  1916,  and 
later  in  a  paper  before  the  American  Boiler  Manufacturers,  in  June, 
1916. 

Many  persons  are  inclined  to  believe  that  sulfur  added  to  steel 
does  not  have  the  same  effect  as  residual  sulfur  remaining  in  the  steel, 
but  it  is  surprising  how  closely  my  results,  obtained  by  added  sulfur, 
check  the  results  of  the  committee's  work  with  residual  sulfur,  when 
allowances  are  made  for  the  effects  of  the  variations  in  the  carbon  and 
manganese  in  the  several  heats. 

The  committee's  work  was  confined  to  rivet  steel,  but  this  same 
quality  steel  is  used  in  making  wire  products,  tubular  products  and 
sheets.  The  specifications  for  such  products  specifies  the  composition 
and  sometimes  calls  for  tensile  tests  and  bending  tests.  The  fitness 
of  the  steel  is  determined  by  the  working  of  steel  during  fabrication 
and  by  such  shop  tests  as  flattening,  bending,  hydrostatic  or  beading 
tests.  On  pages  102,  103,  104  and  1 13  of  the  report,  some  shop  tests 
were  made,  showing  very  little  differences  among  the  steels.  These  are 
some  of  the  commercial  tests  employed  by  the  user  to  show  whether 
the  steel  is  of  good  quality,  yet  the  conmiittee,  beyond  stating  what 
was  done,  have  not  made  any  comment  on  the  quality.  Instead, 
physical  or  mechanical  tests  of  many  kinds  were  made,  very  few  of 
which  are  ever  regularly  used  in  the  arts,  and  the  graphs  presented 
to  show  the  quality. 

I  have  examined  the  complaints  or  claims  for  rivet  steels  covering 
a  period  of  11  years  from  1911  to  1922.  They  show  the  following 
percentages: 
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Mr.  UBf*f .  For  QuMy.— 

Mixed  steel,  aod  tensile  strength 15  per  cent 

For  Surface. — 
Mechanical  Defects,  Seams,  Pipe,  Split  Heads 28       " 

For  RoUtng.— 
Out  of  Round 


1      I 
Size/ 


Variation  in  Size  / 

For  High  Sulfur 51 

Total 100 

This  table  shows  that  more  than  one-half  of  the  complaints  were 
due  to  high  sulfur,  in  most  cases  causing  the  rejection  of  the  steel 
without  any  effort  being  made  on  the  part  of  the  user  by  shop  or 
service  tests  to  see  if  the  steel  was  really  bad  or  unfit  for  use. 

The  committee  has  refrained  from  drawing  conclusions  from  their 
work.  The  graphs  are  not  easily  understood  by  the  layman.  Con- 
siderable time  has  elapsed  since  the  work  was  begun.  Probably  a 
much  longer  time  will  be  needed  for  the  study  of  the  medium  and 
harder  varieties  of  steel.  In  the  meantime,  much  commercially  good 
steel  is  being  thrown  away.  The  producer  and  consumer  are  awaiting 
the  verdict. 

^  )^  I  ask  the  committee  to  hasten  their  work,  drawing  conclusions 
as  they  proceed  and  completing  the  work  at  an  early  date.    This  will 
be  of  great  benefit  to  our  Society,  settling,  partially  at  least,  a  contro- 
versy of  many  years  standing. 
Mr.  Burgess.  Mr.  G.  K.  Burgess  {Chatrman  of  Joint  CommiUee  on  Investiga- 

turn  of  Phosphorus  and  Sulfur  in  Sted). — ^I  was  very  glad  indeed  to 
see  that  Mr.  Unger  brought  before  this  meeting  a  summary  of  the 
work  which  he  did  several  years  ago.  I  think  the  demonstration  that 
he  has  made  is  highly  convincing.  It  is  the  object  of  the  committee, 
primarily,  in  undertaking  this  investigation  to  secure  data  on  an 
impartial  basis.  I  have  not  any  criticism  or  remark  to  make  on  the 
actual  contribution  that  Mr.  Unger  has  made  to  the  work  of  the 
committee.  I  agree  with  him  entirely  in  all  he  said,  that  there  was 
more  work  for  the  committee  to  do;  and  I  can  say  also  regarding 
haste  and  speed  in  hunying  up  the  report,  that  I  will  do  my  best,  and 
the  committee  I  am  sure  will  also,  to  get  the  report  in  permanent 
form  as  soon  as  possible  as  a  technologic  paper  of  the  U.  S.  Bureau 
of  Standards. 
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REPORT  OF  COMMITTEE  A.2 

ON 

WROUGHT  IRON. 

During  the  year  Committee  A-2  has  held  three  meetings. 

Various  small,  though  in  some  cases  important,  modifications  of 
present  standards  have  received  attention. 

A  slight  change,  as  indicated  below,  in  the  Standard  Specifications 
for  Welded  Wrought-Iron  Pipe  (A  72  -  21)  is  intended  to  define  more 
closely  the  high  grade  material  desired.  The  correction  of  an  acci- 
dental error  in  table  headings  is  also  necessary  because  the  specifica- 
tions do  not  cover  the  coating  of  galvanized  pipe. 

There  has  been  some  feeling  in  the  committee  that  our  Standard 
Specifications  for  Wrought-Iron  Forgings  for  Locomotives  and  Cars  (A 
73-18)  does  not  measure  up  fully  to  the  present  state  of  manufacture 
of  the  high  grade  material  needed  -for  the  use  indicated.  A  modifica- 
tion of  the  ductility  requirements  is  therefore  offered  to  meet  this  need. 

Some  diflBculty  has  been  experienced  in  connection  with  the 
Tentative  Specifications  for  Lap-Welded  and  Seamless  Steel  and  Lap- 
Welded  Iron  Boiler  Tubes  (A  83  -  21  T).  In  the  case  of  lap-welded 
wrought-iron  tubes  having  very  heavy  walls,  particularly  those  over 
No  6.  gage,  it  is  foimd  that  the  flattening  test  is  too  severe  if  the  weld  is 
placed  at  the  point  of  maximum  bend.  A  modification  of  this  require- 
ment is  therefore  presented.  The  interpretation  of  the  results  of  the 
crushing  test  is  assisted  by  the  addition  of  a  sentence  under  that  head- 
ing. When  these  specifications  were  written,  the  limit  for  the  flange 
test  of  wrought-iron  tubes  was  a  subject  for  much  discussion  and  that 
specified  was  not  satisfactory  to  ail  interested.  It  is  now  desired  to 
increase  the  requirements  of  this  test  in  order  to  insure  a  better  grade 
of  material. 

The  tentative  specifications  were  originally  prepared  by  Com- 
mittees A-1  and  A-2  jointly.  Committee  A-1  on  Steel  has  not  acted 
upon  the  recommendations  for  revision  suggested  by  Conmiittee  A-2 
but  since  the  requirements  that  are  being  revised  affect  iron  tubes  only, 
the  approval  of  Committee  A-1  is  anticipated. 

During  the  year,  the  Tentative  Specifications  for  Merchant  Bar 
Iron  (A  85-21  T)  have  been  discussed  by  representatives  of  the 
producers,  who  have,  however,  proposed  no  changes. 
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Members  of  the  committee  are  cooperating  with  Committee  A-4 
on  Heat  Treatment  of  Iron  and  Steel  in  a  proposed  investigation  of 
the  annealing  of  wrought-iron  hoisting  chains. 

Proposed  Revisions  of  Standards. 

1.  Specificatmisfor  Welded  Wrought-Iron  Pipe  {A  72  -  21)}—Tht 
following  revisions  are  recommended : 

Section  3.  (a)— Change  the  words  "puddled  pig  iron"  to  read  "all 
pig  puddled  iron. " 

Omit  the  words  "Black  and  Galvanized '*  from  under  the  titles 
of  Tables  I  and  II. 

The  letter  ballot  vote  of  the  committee  on  these  recommendations 
is  as  follows:  Affirmative,  28;  negative,  0;  not  voting,  12. 

2.  Specifications  for  Wrought-Iron  Rolled  or  Forged  Blooms  and 
Forgings  for  Locomotives  and  Cars  (A  73-18)}  It  is  recommended 
that  these  specifications  be  revised  as  follows: 

Section  6.  (a) — Change  the  requirements  given  in  the  table 
included  in  Section  6  (a)  from  their  present  form:  namely, 

Tensile  Strength,  lb.  per  sq.  in 45  000 

Yield  Point,  lb.  per  sq.  in 0.5  tens.  str. 

Elongation  in  4  in.,  per  cent 22 

Reduction  of  Area,  per  cent 30 


to  read  as  follows: 


Forcings. 
Blooms.  Classes  A  and  B. 


Tensile  Strength,  lb,  per  sq.  in 45  000  45  000 

Yield  Point,  lb.  per  sq.  in 0.5  tens.  str.  0. 5  tens.  str. 

Elongation  in  4  in.,  per  cent 22  24 

Reduction  of  Area,  per  cent 30  33 

The  letter  ballot  vote  of  the  committee  on  this  recommendation 
is  as  follows:  Affirmative,  30;  negative,  0;  not  voting,  10. 

Revisions  of  Tentative  Standards. 

3.  Lap-Welded  atid  Seamless  Steel  and  Lap-Welded  Iron  Boiler 
Tubes  {A  83-21  T).^ — The  following  revisions  in  these  specifications 
are  recommended : 

Section  6,  (a) — Change  the  third  sentence  to  read  as  follows  by 
the  addition  of  the  italicized  figures  and  the  omission  of  the  figures 
in  brackets: 


«  1921  Book  of  A.S.T.M.Standards. 

*  Proctedings,  Am.  Soc.  Test.  Mats.,  Vol.  21,  p.  461  (1921). 
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"Within  these  limits  the  width  of  flange  shall  be  not  less  than  [10]  12^ I m 
per  cent  of  the  outside  diameter  for  charcoal-iron,  nor  less  than  15  per  cent  for 
steel  tubes  up  to  2}  in.,  inclusive." 

Section  7.  (b) — Change  the  Note  at  the  end  of  Section  7  (b)  to 
read  as  follows: 

"In  the  case  of  lap- welded  wrought-iron  tubes  thicker  than  No.  6  B.  w.  g. 
(0.203  in.),  the  test  shall  be  made  with  the  weld  45  deg.  away  from  the  point 
of  maximum  bend.  For  other  wrought-iron  tubes  and  for  all  steel  tubes 
covered  by  this  section,  the  test  shall  be  made  with  the  weld  at  the  point 
of  maximum  bend. " 

Section  8. — At  the  end  of  Section  8,  to  the  paragraph  applying  to 
charcoal-iron  tubes,  add  the  words  "slight  surface  checks  shall  not 
be  a  cause  for  rejection." 

The  letter  ballot  vote  of  the  committee  on  these  recommendations 
is  as  follows:  Affirmative,  29;  negative,  3;  not  voting,  8. 

This  report  has  been  referred  to  letter  ballot  of  the  committee, 
which  consists  of  40  members,  of  whom  32  have  voted  affirmatively, 
none  negatively,  and  8  have  refrained  from  voting. 

Respectfully  submitted  on  behalf  of  the  committee, 

H.  E.  Smith, 
Chairman. 
J.  B.  Young, 

Secretary. 


Editorial  Note. 

The  proposed  revisions  of  the  Standard  Specifications  for  Welded 
Wrought-iron  Pipe  and  of  the  Standard  Specifications  for  Wrought- 
iron  Rolled  or  Forged  Blooms  and  Forgings  for  Locomotives  and 
Cars  were  accepted  for  publication  as  tentative  and  appear  on  pages 
983  and  984,  respectively. 

The  proposed  revisions  of  the  Tentative  Specifications  for  Lap- 
Welded  and  Seamless  Steel  and  Lap- Welded  Iron  Boiler  Tubes  were 
accepted.  The  tentative  specifications  as  thus  revised  appear  on 
page  553.. 


Digitized  by 


Google 


REPORT  OF  COMMITTEE  A-3 

ON 

CAST  IRON. 

Considerable  work  has  been  done  by  Committee  A-3  during  the 
past  year.  While  revised  specifications  for  cast-iron  car  wheels  were 
submitted  as  tentative  at  the  annual  meeting  of  the  Society  last  year, 
the  committee  has  nevertheless  continued  work  on  the  subject  and 
this  year  presents  a  further  revision  of  the  car-wheel  specifications  as 
the  result  of  this  study  and  the  very  wide  discussion  of  the  cast-iron 
wheel  throughout  the  country.  The  tentative  specifications  have 
been  rewritten  and  are  appended  hereto  in  their  proposed  revised  f  orm.^ 
The  committee  recommends  that  they  be  accepted  for  publication  as 
tentative  in  place  of  the  present  Tentative  Specifications  for  Cast-iron 
Car  Wheels  (A  46  -  21  T).«  The  letter  ballot  vote  of  the  committee 
on  this  recommendation  is  as  follows:  Affirmative,  28;  negative,  3; 
not  voting,  22. 

Committee  A-3  further  submits  revised  specifications  for  foundry 
pig  iron.  The  present  Standard  Specifications  for  Foundry  Pig  Iron 
(A  43  -  09),'  adopted  in  1904  and  revised  in  1909,  have  been  brought 
up  to  date  by  making  a  iev^  changes  found  desirable  as  experience 
was  acquired.  Revised  specifications  are  appended,^  and  the  committee 
recommends  that  they  be  accepted  by  the  Society  for  publication  as 
tentative  to  replace,  when  adopted,  the  present  standard  specifica- 
tions. The  letter  ballot  vote  of  the  committee  on  this  recommendation 
is  as  follows:  Affirmative,  41;  negative,  3;  not  voting,  9. 

New  specifications  are  presented  herewith  to  cover  what  the 
committee  has  classified  as  "high-test"  cast  iron  to  include  those  irons 
which  show  higher  strengths  than  the  usual  run  of  material.  In  the 
production  of  these  cast  irons,  considerable  steel  scrap  is  added  to  the 
mixtures,  and  with  a  high  degree  of  metallurgical  skill  the  foundry- 
man  is  able  to  turn  out  exceptionally  good  metal.  In  order  to  differ- 
entiate this  high-grade  material  from  the  lower  ranges  of  castings, 
none  the  less  good  in  their  class,  these  new  specifications  have  been 
prepared  to  enable  the  consimier  of  castings  to  call  for  a  superior 
article  and  to  give  him  some  assurance  that  he  will  get  it.     These 

I  Sm  p.  569.— Bd. 

>  Proctidings,  Am.  Soc  Test.  Mate..  Vol.  21.  p.  481  (1921). 
•  1921  Book  of  A.S.T.M.  Standardi. 
«  See  p.  566.— Bo. 
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specifications,  under  consideration  for  several  years,  are  appended 
hereto,^  and  it  is  recommended  that  the  Society  accept  them  for  pub- 
lication as  tentative.  The  letter  ballot  vote  of  the  committee  on 
this  recommendation  is  as  follows:  Affirmativei  41;  negative,  2; 
not  voting,  10. 

There  has  also  been  much  activity  in  the  fields  of  cast-iron  water 
pipe  and  pipe  suitable  for  culverts.  These  matters  will  lead  to  either 
new  specifications  imder  joint  committee  auspices,  or  revision  of 
existing  specifications.  Work  has  also  been  done  on  the  study  of 
test  bars  as  suited  for  international  purposes,  but  this  is  not  far  enough 
along  as  yet  to  enable  reporting.  The  study  of  the  effect  of  annealing 
on  the  strength  of  cast  iron  is  also  imder  way. 

Much  progress  has  been  made  on  the  study  of  molding  sands 
under  joint  action  of  interested  bodies,  and  other  investigations  by 
joint  committees  of  the  Society  indicate  several  new  specifications 
ahead  in  which  Conmiittee  A-3  on  cast  iron  is  taJdng  part 

This  report  has  been  submitted  to  letter  ballot  of  the  committee, 
which  consists  of  53  members,  of  whom  44  have  voted  affirmatively, 
none  negatively,  and  9  have  refrained  from  voting. 

Respectfully  submitted  on  behalf  of  the  committee, 

Richard  Moldenke, 
Geo.  C.  Davies,  Chairman. 

Secretary. 


>  See  i>.  575. — ^Bo. 

[For  a  discussion  of  this  report,  see  page  137. — ^Ed.] 
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ADDENDUM  TO  REPORT  OF  COMMITTEE  A-3. 

At  a  meeting  of  Committee  A-3  held  on  Monday,  June  26,  1922, 
prior  to  the  presentation  of  its  annual  report  to  the  Society,  revisions 
were  recommended  to  be  made  in  the  proposed  Tentative  Specifica- 
tions for  Chilled  Cast-Iron  Wheels,  as  preprinted,  as  follows: 

Section  2  (a). — Change  the  Sulfur  requirement  from  0.17  to  0.18 
per  cent. 

Section  2  (c). — Omit  this  section  reading  as  follows: 

"It  is  desired  that  the  phosphorus  content  shall  not  exceed  0.30  per  cent." 

Section  15. — Change  the  Note  following  Section  15  of  the  speci- 
fications from  its  present  form,  namely: 

'*The  chill  and  physical  tests  specified  only  cover  33-in.  wheels  of  the 
weights  listed;  other  diameters  and  weights  shall  be  in  proportion." 

to  read  as  follows: 

"The  chill  and  physical  tests  specified  only  cover  33-in.  wheels  of  the 
weights  listed.  Requirements  for  wheels  of  other  sizes  are  to  be  supplied  by 
the  committee." 

Respectfully  submitted, 

Richard  Moldenke, 
Geo.  C.  Davies,  Chairman, 

Secretary, 


Editorial  Note. 

The  proposed  Tentative  Specifications  for  Chilled  Cast-Iron 
Wheels  referred  to  in  this  report  and  as  amended  in  the  Addendum  to 
this  report  were  accepted  for  publication  as  tentative  and  appear  on 
page  569  as  a  revision  of  the  Tentative  Specifications  for  Cast-Iron 
Car  Wheels. 

The  proposed  revisions  of  the  Standard  Specifications  for  Foundry 
Pig  Iron  were  accepted  for  publication  as  new  tentative  specifications 
and  appear  on  page  566. 

The  proposed  Tentative  Specifications  for  High-Test  Gray-Iron 
Castings  referred  to  in  this  report  were  accepted  for  publication  as 
tentative  and  appear  on  pages  575. 
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DISCUSSION. 


Discussion  on  Specifications  for  Wheels. 

[In  presenting  the  Addendum  to  the  Report  of  Committee  A-3, 
Mr.  Moldenke  called  on  Mr.  J.  C.  Ramage  to  explain  the  revisions 
contained  therein  of  the  proposed  Tentative  Specifications  for  Chilled 
Cast-Iron  Wheels  (Serial  Designation:  A  46  -  22  T),  as  preprinted.— 
Ed.] 

Mr.  J.  C.  Ramage. — The  first  change  relates  to  the  phosphorus  Mr.  Ramage. 
requirement  of  the  proposed  tentative  specifications.  These  provide, 
Section  2  (c),  "It  is  desired  that  the  phosphorus  content  shall  not 
exceed  0.30  per  cent."  This  requirement  was  a  topic  of  considerable 
discussion  at  the  last  annual  meeting  of  the  Society.  The  original 
reason  for  limiting  the  phosphorus  was  the  detrimental  effect  it  was 
thought  this  element  had  on  the  resistance  of  wheels  to  cracking  imder 
thermal  expansion  stresses.  To  more  definitely  develop  this  effect 
it  was  suggested  that  so-called  repeated  thermal  tests  be  made,  that 
is,  that  representative  wheels  be  subjected  to  the  standard  thermal 
test,  allowed  to  become  cold,  and  then  again  subjected  to  the  same 
test,  the  cycle  to  be  repeated  until  the  wheel  cracked  or  broke.  Acting 
on  this  suggestion,  committee  members  have  tested  some  twenty-five  or 
more  representative  wheels,  subjecting  each  individual  wheel  to  the 
thermal  test  at  least  twenty  times.  Much  to  the  surprise  of  most  of 
us,  only  in  one  out  of  a  total  of  five  or  six  hundred  tests,  did  a  wheel 
crack  and  in  that  one  case  the  wheel  happened  to  be  a  low  phosphorus 
wheel.  In  view  of  these  results,  the  committee  felt  that  the  available 
data  did  not  warrant  further  committing  the  Society  to  the  low  phos- 
phorus requirement  referred  to  and  as  a  result  voted  to  eliminate 
entirely  Section  2  (c). 

The  second  change  relates  to  the  sulfur  limitation.  The  proposed 
sulfur  limit  of  0.17  per  cent  maximum,  like  a  great  many  other  liniita- 
tions,  was  a  compromise  between  suggested  higher  and  lower  limits. 
However,  records  of  a  large  number  of  tests  submitted  to  the  committee 
by  the  Association  of  Manufacturers  of  Chilled  Car  Wheels,  apparently 
indicated  that  sulfur  up  to  around  0.18  per  cent  did  not  injuriously 
affect  the  strength  of  the  wheel.     This  and  the  further  fact  that  if  the 

I  The  Report  of  Committee  A-3  on  Cast  Iron  was  discussed  jointly  with  the  paper  on  "The 
Physics  of  Cast  Iron  and  its  Bearing  on  All  Cast-Iron  Products  and  Specifications  for  Cast  Iron" 
by  William  R.  Webster,  Part  U  of  the  Prouedings,  p.  217.— Ed. 
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Mr.RaflMf«.  sulfur  was  limited  to  0.17  per  cent  it  wotild  throw  out  an  appreciable 
number  of  otherwise  good  wheels,  led  the  committee  to  the  conclusion 
that  everything  considered  it  would  be  preferable  to  restore  the  0.18 
per  cent  sulfur  limitation  of  the  tentative  specifications  submitted 
last  year. 

,  The  third  so-called  change  is  not  a  change  but  more  in  the  nature 
of  an  explanation.  The  specifications  as  drawn  cover  .all  sizes  and 
practically  all  weights  of  wheels.  However,  as  the  specifications 
themselves  make  clear,  the  chill  and  physical  test  requirements  given 
refer  only  to  33-in.  wheels  of  the  weights  listed — tests  for  other  diam- 
eters and  weights  being  specified  only  as  to  be  in  proportion  thereto. 
The  conmiittee  appreciates  that  this  clause  is- a  little  indefinite  but 
even  so  beUeves  it  better  to  allow  it  to  remain  in  the  specifications  with 
the  understanding  and  explanation  here  made  that  they  are  at  work  on 
a  table  giving  specific  requirements  for  other  weights  and  diameters 
of  wheels  covered  by  the  specifications  and  which  table  they  hope  to 
be  able  to  present  another  year. 

Mr.  Job.  Mr.  Robert  Job. — ^In  connection  with  the  proposed  specifications, 

it  may  be  of  interest  to  mention  one  or  two  matters  particularly  in 
connection  with  the  drop  test.  Under  the  plan  proposed,  the  idea  is 
to  have  a  drop  weighing  250  lb.  Under  the  present  specifications  the 
weight  of  the  drop  is  200  lb.  This,  we  found  in  practice,  never  told 
us  anything,  and  it  is  a  matter  of  record,  I  think,  during  the  past 
twenty  or  thirty  years,  or  whatever  the  time  is  since  the  method  has 
been  in  use,  that  no  rejection  has  ever  taken  place  imder  the  drop  test 
with  a  200-lb.  drop,  so  that  evidently  it  was  necessary  to  have  a 
method  which  would  really  differentiate  between  different  grades  of 
iron;  consequently  various  tests  were  made  by  the  different  members 
of  the  conmiittee,  and  also  by  others.  In  connection  with  this  work 
on  the  Lehigh  Valley  for  some  months  past  all  of  our  tests  have  been 
made  with  a  400-lb.  weight,  the  idea  being  simply  to  gather  together 
information  that  might  be  available  for  the  use  of  the  committee. 
The  height  of  the  drop  was,  with  a  650-lb.  wheel,  8  ft.;  with  a  700-lb. 
wheel,  9  ft.;  and  with  a  750-lb.  wheel,  11  ft.  Under  these  tests 
with  the  650-lb.  wheel,  we  foimd  it  took  on  an  average  of  about 
six  blows  to  break  the  wheel,  the  minimum,  I  think,  being  five 
blows.  With  the  700-lb.  wheel  and  with  a  9-ft.  height  of  drop,  we 
foimd  that  it  required  say  eight  blows  to  break  the  wheel,  and  with 
the  750-lb.  wheel,  with  a  height  of  11  ft.,  it  required  about  six  blows 
to  break  it.  This  gives  you  a  very  good  idea  of  the  resistance  of  the 
metal  to  the  400-lb.  drop.  As  to  the  exact  weight  of  the  drop,  I  think 
nothing  has  been  definitely  decided.    The  committee  in  drawing  up 
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the  present  proposed  specifications,  placed  the  weight  at  250  lb.  Mr.  Job. 
This  was  done  in  a  tentative  way,  not  because  it  was  the  best  weight 
to  have,  but  simply  to  record  progress,  and  it  is  quite  possible  that  in 
view  of  the  results  which  the  diflFerent  members  have  been  gathering 
together,  it  may  be  thought  desirable  to  gradually  change  the  haght, 
or  the  weight  of  the  drop,  depending  upon  the  results  which  are 
obtained. 

Mr.  J.  R.  Onderdonk. — ^With  the  present  weight  of  the  wheel,  Mr. 
the  200-lb.  drop  seems  almost  like  a  tack  hammer,  as  possibly  the  Oiid«id«iik. 
400-lb.  weight  seems  like  nothing  more  than  a  machinist's  hammer. 
Wheels  have  gone  up  now  in  weight  to  950  lb.,  and  some  we  recently 
broke,  after  giving  them  200  odd  blows  with  a  300-lb.  weight  at  15  ft., 
by  giving  them  two  more  blows  of  a  1500-lb.  weight  at  20  ft.  I  agree 
with  the  previous  speaker  that  the  present  weight  is  probably  very 
inadequate  to  test  out  the  present  cast-iron  wheels,  and  especially 
where  we  have  gone  up  even  over  750  and  as  high  as  950  lb. 

The  Chairman  (Mr.  G.  K.  Burgess). — ^I  may  state  also,  as  a  Th« 
matter  of  information  to  the  Society,  that  at  the  U.  S.  Bureau  of  cii«inii«i. 
Standards  we  have  begun  a  series  of  experiments  on  the  phjrsical 
properties  at  ordinary  and  elevated  temperatures  of  cast  iron  of  car 
wheel  composition. 

[The  motion  to  accept  the  proposed  Tentative  Specifications  for 
Chilled  Cast-Iron  Wheels  for  publication  as  tentative,  revised  as 
indicated  in  the  Addendum  to  the  report  of  the  committee,  was 
approved. — ^Ed.] 

Discussion  on  Proposed  Tentative  Specifications  for 
Foundry  Pig  Iron. 

[At  this  pointy  Mr.  Moldenke  presented  on  behalf  of  Committee 
A-3  the  proposed  Tentative  Specifications  for  Foundry  Pig  Iron 
with  the  recommendation  they  be  accepted  for  publication  as  ten- 
tative.— ^Ed.] 

Mr.  R.  a.  Bull. — Carrying  out  the  thought  that  Mr.  Moldenke  Mr. 
has  expressed  in  his  appendix  to  Mr.  Webster's  paper  with  reference 
to  the  future  adoption  of  spedfications  for  pig  iron  for  gray  iron, 
malleable  iron  and  steel  foundry  practice,  it  seems  to  me  that  it 
might  be  well  to  adopt  a  different  caption.  We  all  understand,  of 
course,  what  the  term  foimdry  pig  iron  has  meant  commercially,  but 
the  word  "foundry"  now  does  not  mean  the  gray  iron  foundry,  and 
looking  forward  to  the  time  when  such  spedfications  as  Mr.  Moldenke 
has  in  mind  may  be  adopted,  it  seems  to  me  desirable  to  have  a  more 
distinctive  term. 
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Mr.  Mr.  Richard  Moldenke  {Chairman,  Commillec  A-3), — Mr.  Bull 

ol  en  e.  j^  j^g^^  \^  ^-j^jg.  \j^  {^lq^^  J  j^g^yg  j^^^^^  correspondence  with  the  steel  and 

malleable  castings  interests  along  just  this  line,  ytc  have  here  really 
a  specification  for  the  gray  iron  foundry  only.  It  would  be  well  if 
the  malleable  and  the  steel  castings  interests  could  also  tell  the  furnace 
men  what  they  require  in  the  way  of  pig  iron.  The  three  branches 
of  the  ferrous  foundry  should  be  differentiated,  and  each  have  their 
special  set  of  specifications  for  the  pig  irons  they  use. 

Mr.  Davief,  Mr.  George  C.  Davies. — Mr.  Moldenke  is  asking  us  to  say 

that  we  do  not  mean  what  we  say.  The  specifications  are  written 
for. foundry  pig  iron.  It  was  always,  or  at  least  since  1909,  or  during 
discussions  prior  to  the  1909  specifications  being  adopted,  considered 
as  applying  to  foundry  iron  including  that  used  in  gray  iron  foundries, 
malleable  iron  foundries  and  steel  foundries.  That  is  pointed  to,  I 
think,  rather  clearly  and  I  had  no  idea  this  question  was  coming  up 
here  for  discussion.  In  the  Appendix,  provision  is  made  for  phos- 
phorus down  as  low  as  a  maximum  of  0.20  per  cent,  and  as  that  is  the 
customary  specification  for  malleable  castings,  it  is  surely  an  indica- 
tion that  malleable  castings  were  under  consideration  at  the  time  the 
specifications  were  drawn.  There  is  nothing  in  the  specifications 
whatever  which  prevents  the  steel  castings  manufacturer  specifying 
his  usual  requirement  of  pig  iron.  In  fact  the  usual  requirement  in 
the  steel  castings  trade,  as  I  know  it  to  be,  is  very  much  broader  in 
some  elements  than  these  specifications  permit.  It  covers  him  fully 
on  his  lower  percentage  of  phosphorus  which  he  may  want  to  require 
as  maximimi.  There  is  nothing  in  those  specifications  which  will 
limit  the  man  from  specifying  the  lowest  procurable  phosphorus  con- 
tent as  a  maximum.  I  think — it  is  my  personal  opinion — that  this 
is  applicable  to  steel  and  to  malleable  foundry  practice  as  well  as  to 
gray  iron  practice,  and  I  should  be  very  sorry,  on  this  short  notice, 
to  have  the  question  put  in  such  a  way  as  to  change  the  specifications 
by  changing  the  title;  it  seems  like  an  amendment  negativing  the 
original  proposition,  and  I  think  it  would  be  well  for  the  proposed 
specification  to  proceed  in  the  usual  order  for  acceptance  as  tentative. 
If  it  is  wrong,  let  us  find  it  out.  I  should  like  very  much  to  see  the 
Sub-Committee  on  Pig  Iron  increased  as  to  size  and  membership  and 
have  this  whole  measure  thoroughly  discussed  during  the  ensuing 
year  before  the  proposed  tentative  specification  is  presented  for 
adoption  as  standard. 

Mr.  BttU.  Mr.  Bull. — I  understand  then  that  the  committee  does  intend 

this  specification  to  apply  to  pig  iron  for  steel,  malleable  iron  and 
gray  iron  foundries. 
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Mr.  Davies. — I  may  say  that  was  the  understanding  of  the  Mr.  Dirief. 
committee  that  wrote  the  specifications  of  1909  on  which  this  speci- 
fication is  based,  and  it  is  also  my  personal  opinion  formed  when  I 
was  associated  with  the  work  of  that  sub-committee  at  that  Ume. 

Mr.  Bull. — If  that  is  the  purpose  of  the  proposed  tentative  Mr.  BuU. 
specifications,  I  want  to  express  my  opinion  that  they  are  not  suitable 
for  foundry  pig  iron  for  steel  practice.  Mr.  Moldenke  has  been  in- 
formed of  several  objections  that  the  Committee  of  the  American 
Foundrymen's  Association  had  to  those  specifications  as  applied  to 
the  steel  foundry,  and  I  do  not  think  it  would  serve  a  useful  purpose 
to  incorporate  steel-making  pig  irons  under  the  proposed  specifications. 

Mr.  Moldenke. — Mr.  Davies  and  I  do  not  agree  on  this  point  Mr. 
at  all.  As  a  malleable  man,  I  would  not  be  satisfied,  for  instance,  ^•'^•■**- 
with  a  variation  for  silicon  25  points  either  way.  The  range  is  too 
wide  for  malleable.  There  are  also  objections  by  the  steel  men. 
However,  I  think  Mr.  Davies  is  right  in  urging  the  specifications  to 
stand  as  they  are  for  the  present,  so  that  they  can  be  discussed  during 
the  year.  If  the  steel  and  malleable  interests  bring  in  their  own 
specifications  by  next  year,  we  will  all  know  what  we  are  at. 

Mr.  H.  V.  WiLLE  (presented  in  written  form  by  W.  Z.  Adamson), —  Mr.  wm«. 
The  Baldwin  Locomotive  Works  have  purchased  their  foundry  pig  iron 
since  1894  on  chemical  analysis,  specifying  the  iron  and  purchasing  the 
same  from  all  parts  of  the  country  from  Alabama  to  Pennsylvania. 
The  iron  is  melted  in  cupolas,  the  charges  are  all  figured  on  the  chemi- 
cal contents  of  the  iron,  analysis  being  made  of  all  the  material  entering 
into  the  cupolas.  Tensile  and  transverse  tests  and  chemical  analysis 
are  then  made  of  the  resulting  heat.  These  results  are  tabulated  and 
records  used  to  determine  the  most  satisfactory  composition  for  the 
various  castings. 

Two  grades  of  pig  iron  now  are  used,  the  first  for  convenience 
sake  called  cylinder  pig  which  ranges  from  1.10  to  1.50  per  cent  silicon, 
the  second  grade  known  as  floor  pig  iron  ranging  from  2.50  to  3.00 
per  cent  silicon.  By  the  use  of  steel  and  selecting  the  proper  scrap  wc 
are  able  to  make  castings  ranging  from  0.80  to  2.50  per  cent  silicon. 
Mr.  Webster  is  right,  that  the  A.S.T.M.  specifications  should  cover 
definite  grades  of  iron  and  not  simply  permissible  variations,  but  it 
should  be  remembered  that  pig  iron  is  a  raw  material  and  used  in 
combination  by  the  found rym an.  I  do  not  think  it  would  be  practical 
for  the  fumacemen  to  attempt  to  guide  and  assist  the  foundrymen  in 
making  light,  medium  and  heavy  castings,  as  a  casting  that  may  come 
under  the  heavy  castings  such  as  a  locomotive  cylinder  which  would 
necessarily  demand  a  close-grained  iron  as  hard  as  can  be  worked. 
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Ut.  woto.  would  not  have  the  same  composition  as  a  housing  coming  under  the 
heavy  class.  Locomotive  cylinders  also  are  required  to  meet  different 
specifications  in  themselves.  Some  railroads  specify  silicon  above  1 .25 
per  cent,  others  a  tensile  or  transverse  where  it  is  necessary  to  have 
the  silicon  below  1 .25  per  cent.  The  same  may  be  said  of  accumulator 
rams  which  must  have  exceedingly  close  metal  and  would  have  a  very 
different  composition  than  a  base  plate  or  platen.  This  also  is  the 
case  of  our  medium  and  Ught  castings.  The  use  to  which  a  casting 
is  to  be  put  and  the  construction  of  the  same  should  determine  its 
chemical  composition.  The  composition  of  the  scrap  which  a  foundry 
has  on  hand  or  purchases  must  be  taken  into  consideration  by  the 
foundryman.  Since  nearly  as  much  scrap  as  pig  iron  is  used,  the  com- 
position of  his  scrap  has  a  bearing  on  the  composition  of  the  pig  iron 
which  he  must  use.  For  these  reasons  I  think  it  would  be  folly  for 
the  fumaceman  to  try  to  make  pig  iron  of  the  correct  anal)rsis  to  be 
used  in  light,  medium  or  heavy  castings.  It  is  true  that  our  present 
A.S.T.M.  pig  iron  specifications  are  indeed  very  elastic;  as  stated  by 
Mr.  Webster,  "All  that  they  have  given  the  foimdryman  is  a  con- 
venient code  for  writing  out  a  prescription  in  code  words  to  the  blast 
fumaceman."  As  there  are  such  a  great  variety  of  castings  and  a 
great  difference  in  the  opinion  of  the  different  foundrymen,  we  need 
a  very  elastic  specification.  In  ordering  our  pig  iron  we  specify  the 
maximum  and  minimum  of  silicon,  manganese,  phosphorus  and  the 
maximum  of  sulfur.  There  could  be  hundreds  of  different  grades  of  pig 
made  from  the  combinations  of  the  present  A.S.T.M.  specifications, 
and  the  code  letters  only  make  additional  complications.  I  do  not 
think  that  many  of  the  foundries  use  these  specifications  or  will  use 
them  for  the  reason  (as  stated  by  Mr.  Webster)  "They  do  not  cover 
any  specific  foundry  product." 

^Jjj^jyyj^  The  Chairman. — ^I  might  also  state  that  the  Metals  Committee 

of  the  Federal  Specifications  Board  has  before  it  this  question  of 
foundry  pig  iron,  and  we  have  not  yet  adopted  such  a  specification, 
but  we  decided  that  the  A.S.T.M.  specifications  were,  as  stated  by 
Mr.  Wille,  too  vague.  The  practical  man  in  charge  of  the  navy  yard 
or  arsenal  really  wants  a  specification  giving  him  limitations  for  his 
several  grades,  such  that  I  would  say  that  we  would  rather  endorse 
the  statements  that  have  just  been  made  on  that  subject. 

Mr.  HaB.  Mr.  J.  H.  Hall. — ^From  the  point  of  view  of  the  steel  foundryman, 

when  we  are  told  that  these  specifications  are  meant  to  include  pig 
for  gray  iron  and  malleable  iron  and  steel,  it  is  a  good  deal  like  being 
told,  when  it  is  raining  hard,  that  there  is  room  imder  one  small 
umbrella  for  three  of  us.    I  am  a  member  of  Mr.  Bull's  A.¥A.  Com- 
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mittee,  and  these  specifications  were  sent  to  us  as  steel  foundrymen  Mr.  Han. 
to  see  how  they  suited  our  ideas  of  specifications  to  cover  steel  foundry 
pig,  and  I  came  down  to  this  meeting  convinced  that  these  spedfica-  . 
tions  were  not  intended  to  cover  steel  foundry  pig  at  all.  When  we 
come  to  read  them  through,  and  look  for  the  places  where  we  can 
squeeze  in  under  these  specifications,  we  can  find  a  place  where  we 
can  get  in,  but  it  is  a  close  squeeze.  Take  phosphorus  0.20  per  cent, 
for  instance.  We  fellows  making  acid  steel  in  the  converter  want  0.03 
and  0.04  per  cent.  It  is  the  same  with  the  manganese;  the  man- 
ganese, as  listed  here,  with  the  allowances  made,  does  not  suit  the 
steel  foimdries,  does  not  suit  the  man  running  an  (q)en-hearth  furnace 
and  does  not  suit  the  man  running  a  converter.  It  does  seem  to  me 
that  if  these  specifications  are  to  cover  steel  foundry  pig  and  gray  iron 
pig  and  malleable  pig,  we  steel  men  can  squeeze  in,  but  we  are  going 
to  get  wet  all  around  the  comers. 

Mr.  Davies. — ^May  I  ask  what  is  a  prc^r  analysis  requirement  Mr.  DatIm. 
for  pig  iron  for  steel  foimdry  practice? 

Mr.  Hall. — ^When  the  steel  foundryman  buys  pig  for  the  con-  Mr.  Halt 
verter,  his  phosphorus  must  be  limited  to  a  maximum  of  0.04  per  cent 
and  his  sulfur  to  0.04  per  cent.  The  man  using  the  side-blow  con- 
verter wants  as  little  manganese  as  possible,  as  a  rule.  I  am  not 
prepared  to  speak  for  the  open-hearth  men,  but  I  know  this  specifica- 
tion for  manganese  does  not  suit  the  users  of  the  open-hearth  furnace 
for  steel  castings.  There  are  open-hearth  men  here  who  can  answer 
your  question  better  than  I. 

Mr.  Davies. — May  I  ask  as  to  silicon?  ^'*  ^•▼^••* 

Mr.  J.  L.  Uhler. — ^As  an  open-hearth  man,  I  would  suggest  that  ^'*  ^^•'' 
if  the  specifications  as  written  are  to  be  printed  in  the  Proceedings  to 
include  steel  castings,  they  should  be  changed.  We  are  large  users  of 
standard  bessemer  pig  which  has  a  phosphorus  maximum  of  0.10  per 
cent — ^we  do  not  care  how  low  they  go.  We  also  use  low  phosphorus 
pig  which  is  bought  on  the  0.04  per  cent,  maximum,  basis  for  phos- 
phorus and  sulfur.  In  silicon  we  desire  2  to  2,5  or  3  per  cent;  our 
manganese,  not  less  than  1  or  1.5  per  cent.  As  for  carbon,  we  ask 
that  the  total  be  around  4  per  cent. 

Mr.  Davies. — The  specification  which  Mr.  Uhler  gives  for  open-  Mr,  Dafiet. 
hearth  practice  is  silicon,  2.00  to  2.50  or  3.00  per  cent;  phosphorus, 
0.04  per  centy  maximum;  sulfur,  0.04  per  cent,  maximum;  manganese, 
1.00  to  1.50  per  cent.  The  specifications  read:  "The  pig  iron  shall 
conform  to  the  chemical  specifications  as  specified  by  the  purchaser 
at  the  time  of  purchase,  with  the  following  permissible  variations: 
Silicon  0.25  per  cent,  above  and  below."    That  covers  the  narrowest 
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Mr.  BttU. 


Mr.  DaTief.  specification  which  the  gentleman  makes  for  silicon.  He  says  he 
wants  2.00  to  2.50  per  cent;  there  it  is  covered  by  the  specifications. 
He  says  concerning  that  variation,  instead  of  0.25  per  cent  either  way, 
he  may  be  willing  to  make  it  0.50  per  cent  either  way.  Certainly  the 
specifications  should  not  be  criticized  for  making  narrower  lines.  He 
says  he  wants  phosphorus  0.04  per  cent, maximum;  sulfur  0.04  per  cent, 
'  maximum.  Section  2  (6)  states  that  "the  percentages  specified  for 
phosphorus -^and  manganese  may  be  used  as  minimum  or  maximum 
figures  ..."  It  thus  provides  for  the  maximum  percentage. 
Sulfur  is  to  be  "not  over  specified  percentage."  It  covers  him  on 
three  elements  there.  He  says  he  wants  manganese  1.00  to  1.50  per 
cent.  The  specifications  provide  for  0.20  per  cent  variation  either 
way.  He  may  specify  1.20  per  cent  and  get  1.00  to  1.40  per  cent. 
There  is  a  very  slight  difference  between  what  he  wants  and  what  he 
gets  under  the  specifications. 

Mr.  Bull. — Mr.  Moldenke  does  not  believe  in  the  position  taken 
by  Mr.  Davies.  We  steel  foundrymen  occupy  the  position  of  con- 
sumer in  the  consideration  of  this  question.  Now  there  is  one  man 
on  the  committee  representing  steel  foundrymen.-  It  does  not  seem  fair 
to  me  for  the  steel  foundryman  to  have  limitations  imposed  upon  him 
which  he  does  not  enjoy  and  for  the  preparation  of  which  he  has  not 
had  suitable  representation. 

Mr.  Moldenke. — It  comes  down  finally  to  what  I  have  said 
before,  that  either  the  steel  and  the  malleable  men  must  make  their 
own  specifications,  or  perhaps  the  Sub-Committee  on  Pig  Iron  can 
enlarge  to  include  both  interests. 

You  will  find  that  most  foundries,  even  the  Baldwin  Locomotive 
Works,  are  using  the  specifications  imconsciously.  Even  when  they 
ask  for  2.25  to  2.75  per  cent  of  silicon,  they  are  certain  to  analyze  the 
iron  they  get  to  know  the  actual  content,  to  figure  out  their  mixtures. 
It  is  much  better  to  ask  for  2  per  cent  of  silicon  direct,  even  if  expect- 
ing to  get  1.75  to  2.25  than  to  let  the  fumaceman  guess  at  what  the 
foundryman  really  wants.  The  pig  iron  man  likes  to  know  what  the 
foundryman  wants,  because  then  he  can  send  from  his  stock  what  he 
is  asked  for.  It  is  always  better  to  specify  just  what  is  wanted.  Then 
you  will  get  as  nearly  this  as  the  furnaceman  can  ship.  Otherwise, 
you  may  get  a  variety  of  compositions,  each,  none  the  less,  falling 
within  the  range  of  variation  allowed.  It  makes  for  uncertain  foundry 
results,  even  if  it  gives  the  fumaceman  an  opportimity  to  dean  up 
his  yard. 

Mr.  W.  Z.  Adamson. — ^How  does  the  smaller  foundryman  usually 
order?  He  receives  a  list  from  the  fumaceman  stating  "We  have  a 
hundred  tons  of  iron  of  the  following  analysis  and  two  hundred  of  this 
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analysis,"  and  the  foundryman  selects  the  pig  he  desires.     This  is  the  Mr. 
method  usually  pursued.  damaon. 

Mr.  Moldenke. — Mr.  Webster  wants  the  foundr3mian  educated  Mr. 
in  regard  to  the  irons  he  should  ask  for.  Moidenk*. 

Mr.  Adamson. — You  know  the  foundrymen  better  than  any-  Mr. 
body,  and  they  know  more  about  the  foundry  business  than  the    ^*™^^"* 
fumacemen.     What  I  take  exception  to  is  the  statement  that  the 
fumacemen  should  make  pig  iron  for  light,  medium  or  heavy  cast- 
ings; you  made  up  a  list  of  these  very  things,  and  they  all  vary  in 
silicon  contents. 

Mr.  Moldenke. — I  object  to  that  myself.     I  do  not  agree  with  Mr. 
the  thought  of  Mr.  Webster,  even  when  presenting  his  paper  by  request.  ^^**•**•• 
I  think  that  foundrymen  should  know  enough  about  their  business  to     •  '^ 

be  able  to  specify  just  what  they  want.  The  specifications  allow  for 
liberal  ranges  of  variation  and  hence  can  accommodate  quite  a  variety 
of  specifications  easily.  Hence  they  are  not  burdensome,  and  yet 
cover  the  cast  iron  foundry  situation  with  sufficient  precision  to  answer 
every  purpose. 

Mr.  Walter  Wood. — There  has  been  some  suggestion  of  Mr.  Wood. 
"grading"  in  connection  with  pig  iron.  I  thought  that  term  belonged 
to  our  grandfathers.  When  I  buy  pig  iron,  which  is  in  very  large 
amounts,  running  into  thousands  of  tons,  what  I  want  the  furnace- 
man  to  do  is  to  bring  me  his  lists  of  iron  for  sale  showing  50  much 
silicon,  sulfur,  phosphorus  and  manganese.  Then  I  tell  him  what  I  -  •  - 
will  accept  and  I  want  him  to  deliver  the  metal  within  specified 
variations.  I  know  a  furnace  cannot  make  uniform  iron,  not  even 
for  twelve  hours;  the  furnaceman  would  like  to,  but  he  cannot: 
What  I  want  him  to  bring,  (and  what  he  only  can  bring)  is  what  he 
J  as  made,  and  tell  me  what  it  is,  and  I  will  take  what  I  can  use,  and 
I  want  it  delivered  to  me  within  reasonable  limitations.  Speaking 
only  for  the  gray  iron  foundryman  (not  for  the  malleable  and  steel 
men)  the  specifications  that  have  been  presented  by  the  pig  iron 
committee  are  as  practical  and  accurate  and  cover,  as  nearly  as  I  can 
see,  the  practical  needs  of  the  foundryman.  I  shall  be  very  sorry 
to  see  us  go  back  to  the  term  designation  by  grades,  because  it  is  too 
indefinite.  Mr.  Webster  himself  speaks  only  of  grading  iron  by  its 
silicon  and  sulfur  content;  yet  a  foundryman  wants  to  know  the 
phosphorus  and  manganese  content.  To  undertake  to  have  grading 
of  iron  that  will  cover  all  variations  of  phosphorus  and  manganese 
would  be  ahnost  hopeless.  I  speak  as  I  have  said,  from  the  gray  iron 
man's  standpoint.  Let  us  hold  to  that  which  will  keep  everything 
clear  and  definite;  let  the  furnaceman  make  the  best  iron  he  can 
under  his  circumstances;  let  him  coihe  to  the  trade  and  say  ''That  is 
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iCr.  Wood,  what  I  have  made;  what  will  you  give  me  for  it?"  And  the  buyer 
will  choose  that  which  he  can  best  use.  Let  him  choose  material 
fitted  for  his  own  use;  let  him  know  his  business  so  that  he  appreciates 
what  he  wants,  and  arrange  the  analysis  lists  so  he  can  buy  it  accord- 
ingly. If  Mr.  Davies  would  like  to  have  the  malleable  people,  or  the 
steel  people,  have  specifications  that  will  cover  fully  their  wants  as  to 
percentage  of  the  metalloids,  let  it  be  so  enlarged  and  so  framed  as  to 
state  their  needs  but  do  not  tie  the  buying  and  selling  of  iron  down  to 
the  old  fashioned  methods  that  were  used  when  I  went  into  business 
over  fifty  years  ago,  namely,  grading  that  does  not  let  you  know  fully 
what  the  metal  is,  but  adopt  methods  which  will  tell  you  the  full 
contents  of  the  metal  offered. 

Mr.  W.  E.  Buck.— From  the  viewpoint  of  the  ingot  producer 
whose  product  is  used  in  making  sheet  metal  and  plates,  the  require- 
ment on  manganese  would  be  especially  bad  for  us  if  we  have  to 
accept  a  20  point  variation  either  way.    We  do  not  desire  that  at  all. 

Another  point,  it  is  merely  a  detail:  Low-silicon,  rather  high- 
sulfur  pig,  meeting  the  higher  sulfur  requirements  on  basic  machine- 
cast  pig  is  a  very  difficult  thing  to  sample  by  drilling.  Any  of  you 
gentlemen  who  have  had  experience  in  that  line  know  the  almost 
impossibility  of  trjring  to  drill  such  a  pig,  that  is,  one  with  about 
0.05  per  cent  of  sulfur,  with  perhaps  0.40  per  cent  of  silicon. 

Mr.  Moldenke. — ^The  case  you  cite  is  a  very  special  one  and  is 
not  covered  in  the  specifications.  However,  you  can  readily  make  a 
change  in  the  text  when  ordering,  by  simply  stating  that  the  man- 
ganese you  a^  for  shall  be  maximum.  That  will  remove  the  0.20 
per  cent  variation  either  way. 

Where  hard  irons  are  used,  and  drilling  cannot  be  resorted  to  in 
collecting  the  sample  for  analysis,  chips  are  broken  off  and  pulverized 
in  a  steel  mortar.  Where  the  iron  poured  into  castings  becomes  white  or 
hard,  a  little  of  it  is  "shotted  "  by  pouring  into  water,  and  these  pellets, 
or  shot,  are  used  for  the  sample  by  pounding  fine  in  the  steel  mortar. 

Mr.  Buck. — There  is  this  difficulty,  if  we  write  into  a  specifica- 
tion that  the  manganese  shall  be  maximum,  the  blast  furnace  will 
charge  a  penalty  for  the  manganese  maximum. 

Mr.  Moldenke. — ^That  is  true.  Particularly  in  the  South,  the 
irons  of  which  are  notoriously  low  in  manganese.  But  to  get  high 
manganese  they  have  to  pay  fancy  ore  prices,  and  necessarily  they 
will  charge  accordingly. 

[The  motion  to  accept  the  proposed  Tentative  Specifications 
for  Foundry  Pig  Iron  for  publication  as  tentative  was  approved  by 
a  vote  of  25  affirmative  and  8  negative.— Ed.] 
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Mr,  William  R.  Webster  (Aidhor's  Closure^  by  fe«^).— We  >«»•▼•*•«"• 
are  all  greatly  indebted  to  Mr.  Moldenke  for  his  complete,  up-to-date 
review  and  summary  of  my  former  "Note  on  a  Scheme  for  the  Study 
of  the  Ph3rsics  of  Cast  Iron."  He  has  now  put  this  matter  in  very 
complete  form  for  convenient  reference  and  covered  the  advances 
that  have  been  made  in  this  work  since  1895.  His  conclusions  are 
as  follows;  they  are  very  brief  and  to  the  point,  but  they  cover  much 
ground  and  can  be  endorsed  by  all  of  us: 

''A  discussion  of  every  point  included  in  the  above  scheme  of  study  would 
assume  the  bulkiness  of  a  book,  and  hence  no  attempt  wiH  be  made  in  that 
direction.  The  summary  of  a  life's  work  in  the  production  of  good  castings — 
necessarily  interwoven  with  the  chemical  and  physical  characteristics  of  cast 
iron — is  as  follows: 

1.  Use  the  best  materials  suited  to  the  production  of  the  castings  wanted* 

2.  Employ  correct  melting,  molding  and  finishing  process. 

3.  Gate  the  molds  correctly,  so  that  the  good  materials,  properly  manipu- 

lated, may  be  given  the  best  chance  possible  to  produce  good  work.'' 

The  presentation  of  the  paper  in  connection  with  the  Proposed 
Tentative  Specifications  for  Foundry  Pig  Iron  for  discussion  was  an 
excellent  plsm,  as  by  this  course  a  much  better  discussion  was  brought 
out  than  could  have  been  secured  in  any  other  way.  The  enlarge- 
ment of  the  Sub-Conmiittee  on  Pig  Iron  is  one  of  the  good  results  that 
it  has  already  brought  about. 

On  reading  over  the  discussion  it  is  evident  that  the  suggestions 
in  my  paper  were  in  some  cases  misimderstood  and  the  whole  matter 
was  treated  as  though  something  new  had  been  brou^t  up  for  con- 
sideration by  the  committee  and  others.  Now,  as  a  matter  of  fact, 
this  is  not  the  case,  as  is  shown  by  the  following  quotation  from  my 
former  paper  of  1895  referred  to  above,  which  practically  covers  the 
same  ground  and  in  the  same  manner: 

"I  am  fully  convinced  that  the  relations  between  the  chemical  constitution 
and  physical  character  of  cast  iron  are  much  closer  than  is  generally  admitted 
to-day.  If  proof  of  this  is  wanted,  we  have  it  in  the  success  of  those  who  have 
given  up  the  old  ruleof-thumb  methods  in  running  their  foundries.  There  is 
no  doubt  that,  in  a  full  discussion  and  investigation  of  this  kind,  new  data  will 
be  brought  to  light  which,  in  connection  with  the  results  of  the  valuable 
researches  already  made,  would  enable  us  to  make  tables,  and  lay  down  rules 
for  the  founder's  guidance,  that  would  be  of  the  greatest  value  to  the  makers 
and  users  of  cast  iron.  In  other  words,  from  a  cupola  or  furnace  mixture,  of 
known  chemical. composition,  we  could  predict  with  certainty  the  physical 
properties  of  castings  of  any  given  size  or  shape  (due  allowance  being  made  for 
duuige  of  composition  in  melting).  Or,  when  certain  physical  properties  were 
requbed  in  a  casting  of  given  size  and  shape,  the  chemical  composition  of  the 
different  mixtures  that  would  produce  these  results  could  at  once  be  given  with- 
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lir  Webster,  out  any  of  the  'cutting  and  trying'  that  we  now  have.  This  is  not  too  much 
to  expect;  and  it  is  not  too  much  to  hope  that  each  will  do  his  part  in  bringing 
about  a  result  so  beneficial  to  all." 

My  views  are  the  same  now  as  when  the  above  was  written  in 
1895,  only  very  much  stronger,  as  everything  then  claimed  by  the 
writer  has  been  confirmed  over  and  over  again  since  that  time.  All 
that  is  now  asked  is  that  the  foundrymen  themselves  standardize 
those  of  their  methods  that  have  been  shown  to  give  the  best  results 
in  practice. 

The  first  A.S.T.M.  specifications  for  Foundry  Pig  Iron  were  not 
adopted  until  1904,  about  nine  years  later  than  the 'first  discussion 
on  the  Physics  of  Cast  Iron. 

Mr.  Moldenke  has  fully  covered  in  a  most  satisfactory  way  the 
present  conditions  of  the  pig  iron  situation  and  suggests  means  of 
improving  on  same  by  bringing  all  of  the  producers  and  consumers 
together  on  the  same  general  lines  that  have  given  such  good  results 
as  those  followed  on  our  steel  specifications.  By  this  course  he  hopes  to 
and  will  undoubtedly  remove  many  of  the  hair-splitting  requirements 
now  called  for  in  the  use  of  the  present  specifications  and  secure  a 
much  larger  tonnage  on  a  reduced  number  of  standard  grades  of 
pig  iron. 

I  have  never  advocated  that  the  blast  furnace  men  should  furnish 
different  grades  of  pig  iron  that  would  be  of  the  correct  analysis  to  be 
used  in  light,  medium  or  heavy  castings,  as  I  have  always  fully  recog- 
nized the  important  part  the  scrap  used  plays  in  foundry  practice 
and  the  changes  of  chemical  composition  that  has  to  be  allowed  for 
in  melting.  My  suggestion  was  merely  to  bring  into  more  general 
use  the  good  practice  that  has  been  tried  out  in  different  branches  of 
this  work  and  found  to  give  satisfactory  results,  on  similar  lines  as 
those  referred  to  by  Mr.  Wille  as  being  used  at  The  Baldwin  Locomo- 
tive Works,  where  he  shows  that  they  have  been  purchasing  their 
foundry  pig  iron  on  chemical  analysis  since  1894  with  satisfactory 
results,  and  that  they  now  only  use  two  grades  of  pig  iron. 

If  Mr.  Wille  will  give  us  the  chemical  compositions  of  the  different 
grades  of  castings  they  make  he  will  add  very  much  to  the  value  of 
his  remarks.  It  would  also  confirm  my  views  as  given  above  by  first 
showing  the  chemical  composition  that  is  required  in  each  case,  to 
give  the  desired  physical  results  in  the  finished  casting  and,  second, 
to  show  how  they  work  up  to  them  by  the  use  of  pig  iron  of  known 
chemical  composition  and  scrap  after  making  due  allowances  for  loss 
in  melting.  By  doing  this  he  would  give  us  a  comparatively  complete 
story  of  how  their  everyday  work  is  carried  on. 
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Others  are  doing  the  same  thing  in  their  different  lines  of  work  Mr.  Webster, 
and  it  is  just  such  information  that  we  need  for  discussion  and  use 
either  in  our  specifications,  or  in  some  other  satisfactory  manner  to 
the  committee  that  will  bring  this  much  desired  information  before 
our  members  and  allow  them  to  use  our  present  specifications  more 
intelligently  than  they  have  been  doing. 

In  this  connection,  I  desire  to  quote  here  the  views  expressed  by 
the  chairman,  Mr.  Burgess,  showing  the  difficulties  that  are  encoun- 
tered in  trying  to  make  practical  use  of  our  present  specifications: 

"I  might  ako  state  that  the  Metals  Committee  of  the  Federal  Specifications 
Board  has  before  it  this  question  of  foundry  pig  iron,  and  we  have  not  yet 
adopted  such  a  specification »  but  we  decided  that  the  A.S.T.M.  specifications 
were,  as  stated  by  Mr.  Wille,  too  vague.  The  practical  man  in  charge  of  the 
navy  yard  or  arsenal  really  wants  a  specification  giving  him  limitations  for  his 
several  grades,  such  that  I  would  say  that  we  would  rather  endorse  the  state- 
ments that  have  just  been  made  on  that  subject." 

I  am  greatly  obliged  to  Mr.  Burgess  for  bringing  this  matter 
before  us  as  it  clearly  shows  others  agree  with  me  in  that  our  com- 
nuttee  has  been  working  along  the  wrong  lines  on  our  pig  iron  speci- 
fications and  have  not  as  yet  given  us  any  suggestions  as  to  how  to 
make  the  best  practical  use  of  their  specifications.  The  problem  now 
before  the  Metals  Committee  of  the  Federal  Specifications  Board 
should  be  taken  up  at  once  by  our  Committee  A-3  and  the  necessary 
information  procured  that  would  enable  the  proper  use  to  be  made  of 
our  specifications,  or  at  least  showing  what  other  foundries,  making 
the  same  class  of  castings,  consider  the  proper  chemical  composition  to 
use  in  their  finished  castings,  as  well  as  the  pig  irons  they  used  in  con- 
nection with  scrap  to  get  the  desired  results  in  their  finished  work. 
Information  of  this  kind  is  of  such  great  importance  that  it  would  be 
well  for  the  committee  to  consider  forming  a  sub-conmiittee  to  get 
such  information  on  the  most  important  classes  of  castings  that  are 
now  in  general  use,  as  others  will  certainly  be  calling  for  information 
of  this  kind  from  time  to  time  to  assist  them  in  their  general  foundry 
practice. 

Enough  has  been  brought  out  through  the  papers  and  discussions 
to  show  the  time  is  ripe  for  a  general  discussion  on  the  physics  of  cast 
iron,  so  that  our  committee  may  have  the  views  of  experts  and  others 
who  have  been  working  on  these  matters  for  years.  They  have 
accumulated  much  valuable  information  that  we  sorely  need  at  this 
time.  All  of  this  information  should  be  available  if  the  proper  course 
is  taken  to  secure  it.  I  would,  therefore,  suggest  that  the  present 
paper,  with  the  tentative  specifications  and  discussion,  be  presented  to 
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Mr.w«biter.  the  Iron  and  Steel  Committee  of  the  American  Institute  of  Mining 
and  Metallurgical  Engineers  with  a  request  from  Committee  A-3  that 
this  matter  be  brought  up  for  genersd  discussion  at  the  Institute's 
meeting  next  February  in  New  York  City.  If  this  course  is  pursued, 
we  will  get  a  much  better  discussion  from  the  blast  furnace  men, 
foundrymen,  and  others  than  we  could  expect  at  any  of  our  own 
meetings. 

In  a  discussion  of  this  kind,  it  might  be  well  to  concentrate  as 
much  as  possible  on  the  chemical  composition  of  the  finished  castings 
of  different  grades  that  has  been  shown  to  give  the  best  results  in 
practice  and  from  that  to  work  backward  to  the  pig  irons  used  in 
connection  with  ordinary  amounts  of  scrap  and  general  losses  in  chem- 
ical composition  due  to  melting.  A  full  discussion  on  these  subjects 
would  be  very  valuable  to  our  members,  as  much  general  information 
would  be  brought  out  that  it  would  be  ahnost  impossible  to  secure  in 
any  other  way. 

I  take  pleasure  in  giving  another  abstract  from  my  1895  paper 
fis  it  formerly  assisted  in  bringing  out  very  good  discussions  before 
the  Institute  on  the  Physics  of  Cast  Iron  and  it  is  to  be  hoped  it  will 
be  of  like  assistance  at  this  time: 

"Several  works  have  employed  chemists,  and  struggled  with  these  problems 
for  years,  but  each  one  carefully  guards  the  results;  and  at  the  present  time 
many  seem  disinclined  to  add  theirs  to  the  common  store.  But,  if  they  could 
be  induced  to  make  their  methods  and  results  public,  by  freely  discussing  them 
before  this  Institute,  they  would  be  well  repaid  by  the  assistance  they  would 
receive  through  such  an  interchange.  Nobody  is  as  wise  as  everybody;  and 
nobody  loses,  as  a  general  rule,  by  a  generous  frankness  which  secures  the  criti- 
cism and  help  of  others.  The  possible  loss  through  giving  to  competitors  a  few 
shop  secrets  is  really  trivial  in  comparison." 
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REPORT  OF  COMMITTEE  A-4 
'        ON 
HEAT  TREATMENT  OF  IRON  AND  STEEL. 

Committee  A-4  has  held  four  meetings  during  the  past  year  as 
follows:  At  Asbury  Park  on  June  23,  1921 ;  at  New  York  on  October 
14, 1921 ;  at  New  York  on  February  21, 1922;  at  Cleveland  on  March 
31,  1922. 

The  following  new  members  were  elected  during  the  year: 

R.  S.  MacPherran,  Allis  Chalmers  Manufacturing  Co.,  Milwau* 

kec.  Wis.; 
G.  A.  Reinhardt,  Yoimgstown  Sheet  and  Tube  Co.,  Yoimgstown, 

Ohio; 
H.  W.  Gilbert,  National  Malleable   Castings  Co.,  Cleveland, 

Ohio; 
F.  P.  GilHgan,  Pres.  A.S.S.T.,  11  Laurel  St.,  Hartford,  Conn; 
T.  D.  Lynch,   Westinghouse  Electric  and  Manufacturing  Co., 

East  Pittsburgh,  Pa.; 
H.  E.  Smith,  New  York  Central  L&ies,  Room  1520,  Grand  Central 

Terminal,  New  York  City; 
James  Neale,  Brown  and  Co.,  Inc.,  Wayne  Iron  and  Steel  Woriu, 

Pittsburgh,  Pa.; 
A.  V.  DeForest,  American  Chain  Co.,  Bridgeport,  Conn. 

The  following  resignations  were  accepted  with  regret: 

Guilliaem  Aertsen; 
Bradley  Stoughton. 

Sub-Committee  V  on  Heat  Treatment  of  Wrought  Iron  is  making 
an  investigation  to  determine  the  desirability  of  annealing  iron  chain 
at  intervals.    Some  fifty  specimens  have  been  collected. 

Sub-Conmuttee  U  on  Heat  Treatment  of  Steel  Castings  has 
recommended  a  substitute,  appended  hereto,  for  the  present  Recom- 
mended Practice  for  Annealing  of  Carbon-Steel  Castings. 

m  Sub-Committee  I  on  Heat  Treatment  of  Rolled  and  Forged 
Carbon  Steel  is  considering  the  adoption  of  charts  similar  to  the 
S.  A.E.  Heat  Treatment  charts  which  Sub-Conmiittee  HI  has  adopted. 
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Sub-Committee  III  on  Heat  Treatment  of  Alloy  Steels  is  searching 
the  existing  specifications  of  the  Society  with  a  view  to  the  considera- 
tion of  any  changes  in  specifications  involving  heat  treatment. 

The  committee  recommends  that  the  proposed  Recommended 
Practice  for  Heat  Treatment  of  Carbon-Steel  Castings  prepared  by 
Sub-Committee  II  and  appended  hereto^  be  accepted  for  publication 
as  tentative  to  replace,  when  adopted,  the  present  Recommended 
Practice  for  Annealing  of  Carbon-Steel  Castings  (A  36-  14). 

This  report  has  been  submitted  to  letter  ballot  of  the  committee, 
which  consists  of  29  members,  of  whom  20  have  voted  affirmatively, 
none  negatively,  and  9  have  refrained  from  voting. 

Respectfully  submitted  on  behalf  of  the  committee, 

H.    M.    BOYLSTON, 

Chairman. 
J.  H.  Hall, 

Secretary, 


Editomal  Note. 

The  proposed  revisions  of  the  Recommended  Practice  for  Anneal- 
ing of  Carbon-Steel  Castings  referred  to  in  this  report  were  accepted 
for  publication  as  new  Tentative  Recommended  Practice  for  Heat 
Treatment  of  Carbon-Steel  Castings  and  appear  on  page  643. 

1  See  p.  643.— Ed. 
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REPORT  OF  COMMITTEE  A-5 

ON 

CORROSION  OF  IRON  AND   STEEL. 

The  report  of  Committee  A-5  consists  of  the  reports  of  Sub- 
Committee  II  on  Preservative  Metallic  Coatings  for  Metals,  Sub- 
Committee  III  on  Inspection  of  the  Fort  Sheridan,  Pittsburgh,  and 
Annapolis  Tests  and  Sub-Committee  V  on  Total  Immersion  Tests. 

Sub-Committee  II  reports  considerable  progress  in  the  develop- 
ment of  a  program  for  atmospheric  exposure  tests  of  galvanized  sheets, 
I  he  aim  of  the  work  being  to  correlate  the  results  of  service  with  those 
obtained  in  the  various  types  of  laboratory  tests,  such  knowledge 
being  almost  entirely  lacking  at  the  present  time.  The  locations  for 
the  atmospheric  exposure  tests  will  probably  be  Pittsburgh,  Pa.,  and 
Depew,  111.,  the  latter  being  in  the  neighborhood  of  a  smelter  works, 
which  locations  should  prove  sufficiently  severe  as  will  give  results 
within  a  reasonable  interval  of  years. 

The  work  of  Sub-Committee  III  continues  to  furnish  valuable 
information,  the  results  at  the  Fort  Sheridan  location  showing  three 
entire  groups  of  sheets  completely  failed,  with  an  additional  group 
of  14  sheets  all  failed  excepting  one  sheet.  These  failures  are  entirely 
confined  to  the  non-copper-bearing  light  gage  sheets,  the  same  groups 
of  sheets  being  among  the  first  failures  at  the  Pittsburgh  location. 
The  light  gage  sheets  at  the  Pittsburgh  location,  with  the  notable 
exceptions  of  the  copper-bearing  Bessemer  steel  with  no  failures,  and 
the  copper-bearing  acid  open-hearth  steel  with  only  four  failures,  have 
completed  their  history,  and,  as  might  be  anticipated,  the  heavier 
gage  sheets  are  failing  in  substantially  the  same  order  as  the  light 
sheets,  70  per  cent  of  the  non-copper-bearing  sheets  showing  failure 
at  the  end  of  64  months'  exposure,  while  no  failures  have  occurred  in 
the  copper-bearing  sheets  at  this  time. 

No  failures  have  occurred  at  the  Annapolis,  Md.,  location. 

Sub-Committee  V,  which  is  conducting  the  total  immersion 
tests,  reports  no  additional  failures  during  the  past  year;  however, 
the  last  inspections  indicated  that  many  of  the  remaining  test  speci- 
mens were  showing  considerable  attack  and  further  failures  might  be 
expected  at  early  subsequent  inspections. 
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One  sad  event  has  marked  the  committee  tecord  for  the  past 
year,  this  being  the  death  of  the  chairman,  Mr.  Voorhees,  who  passed 
away  in  September,  following  some  months  of  ill  health.  It  has  been 
the  good  fortune  of  the  committee  to  have  worked  under  his  leader- 
ship for  seven  years.  During  this  time  the  exposure  tests  of  ferrous 
sheets  have  been  planned,  erected  and  some  of  them  have  completed 
their  history.  His  wisdom,  his  cahn,  impartial  and  far-sighted  judg- 
ment have  been  of  the  utmost  help.  Yet  after  the  details  of  technical 
work  have  become  distant  history,  we  will  remember  Voorhees,  the 
man,  his  wide  field  of  interest,  his  kindly  sympathy,  his  generous 
helpfulness,  and  his  genial  and  lovable  personality. 

This  report  has  been  submitted  to  letter  ballot  of  the  committee 
which  consists  of  42  members,  of  whom  31  have  voted  aflBrmatively, 
none  negatively,  and  1 1  have  refrained  from  voting. 

Respectfully  submitted  on  behalf  of  the  committee, 

J.   H.   GiBBONEY, 

Acting  Chairman. 

J.   A.  AUPPERXE, 

Secretary. 
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REPORT  OP  SUB-COMMITTEE  II  ON  PRESERVATIVB  MBTALUC 
COATINGS  FOR  METALS. 

On  account  of  the  change  in  organization  of  the  sub-committee 
during  the  past  year,  but  little  was  accomplished  in  actual  work. 
Upon  the  resignation  of  Dr.  G.  K.  Burgess  as  chairman,  Mr.  H.  S. 
Rawdon  was  appointed  chairman  pro  tern,  until  the  election  of  the 
chairman  for  the  main  committee. 

One  meeting  was  held  during  the  year  at  which  was  drawn  up, 
subject  to  the  approval  of  Committee  A-5,  a  program  for  a  series  of 
atmospheric  exposure  tests  of  galvanized  sheets.  The  immediate 
object  of  the  proposed  tests  is  to  show  in  terms  of  service  life  the 
value  and  meaning  of  the  results  of  the  laboratory  tests  commonly 
used  for  the  testing  of  galvanized  products.  Such  a  series  of  tests 
should  be  of  very  considerable  help  in  drawing  up  suitable  specifica- 
tions for  galvanized  products. 

Respectfully  submitted  on  behalf  of  the  sub-committee, 

H.  S.  Rawdon, 
Chairman  pro  tern. 
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REPORT  OF   SUB-COMMITTEE   III  ON   INSPECTION  OF   THE   FORT 
SHERIDAN,   PITTSBURGH,  AND  ANNAPOLIS  TESTS. 

Sub-Committee  III  on  Inspection  has  held  three  meetings  during 
the  past  year. 

First  Meeting. 

The  first  meeting  was  held  at  Fort  Sheridan,  111.,  on  October  17, 
1921,  with  Messrs.  Aupperle,  Buck,  Fleming,  McDonnell  and  Smith 
present;  Messrs.  Cooper,  Gibboney,  and  the  representatives  of  the 
Bureau  of  Steam  Engineering  of  the  U.  S.  Navy  Department,  and 
the  Quartermaster's  Corps  of  the  U.  S.  War  Department,  being  absent. 
The  Fort  Sheridan  sheets  were  inspected  on  October  17,  1921, 
followed  by  the  inspection  of  the  Pittsburgh  sheets  on  October  18, 
1921,  and  the  Annapolis  sheets  on  October  19,  1921.  Mr.  Gibboney 
joined  the  sub-committee  at  Pittsburgh,  the  representative  of  the 
Bureau  of  Steam  Engineering  of  the  U.  S.  Navy  Department  joined 
the  sub-committee  at  Annapolis,  and  Mr.  Smith  left  the  sub-com- 
mittee at  Pittsburgh,  not  making  the  Annapolis  inspection.  Members 
filing  data  sheets  for  these  inspections  are  as  follows: 

Fort  Sheridan. — Messrs.  Aupperle,  Buck,  Fleming,  McDon- 
nell and  Smith. 
Pittsburgh, — Messrs.  Aupperle,  Buck,  Fleming,   Gibboney, 

McDonnell  and  Smith. 
Annapolis. — Messrs.  Aupperle,  Buck,  Fleming,   Gibboney, 
McAdam  and  McDonnell. 

The  results  of  these  inspections  in  composite  form  have  been  filed 
in  the  oflSce  of  the  Society.  Copies  may  be  obtained  upon  applica- 
tion to  the  Secretary-Treasurer. 

The  following  photographs  of  the  Fort  Sheridan  sheets  showing 
failures  taking  place  at  this  location,  were  made  on  October  17,  1921, 
representing  an  exposure  period  of  54  months. 

Fig.  1  represents  the  condition  of  sheet  O  20  (No.  22  Gage  Low- 
Copper  Open-hearth  Steel,  Series  A),  having  failed  due  to  hole  in 
lower  end. 

Figs.  2,  3  and  4  represent  the  condition  of  sheets  S  16,S  22  and 
S25  and  26  (No.  22  Gage  Low-Copper  Pure  Iron,  Series  B),  manu- 
factured by  the  American  Rolling  Mill  Co.  These  sheets  have  failed 
due  to  holes  in  lower  ends. 

Sheet  AA13  (No.  16  Gage  Bessemer  Steel,  Series  A)  has  failed 
due  to  holes  in  lower  end.     Through  oversight  this  sheet  was  not 
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photographed.  Sheet  S  28  (No.  22  Gage  Low-Copper  Pure  Iron, 
Series  B),  manufactured  by  the  American  Rolling  Mill  Co.,  has 
failed  due  to  holes  in  lower  end.  Through  oversight  this  sheet  was 
not  photographed. 

Fig.  5  represents  the  condition  of  sheet  Z  420  (No.  22  Gage  Low- 
Copper  Open-hearth  Steel,  Series  B),  manufactured  by  the  Youngs- 
town  Sheet  and  Tube  Co.    This  sheet  failed  due  to  holes  in  lower  end. 

The  following  photographs  of  the  Pittsburgh  sheets  showing 
failures  taking  place  at  this  location,  were  made  on  October  18,  1921, 
representing  an  exposure  period  of  58  months: 

Fig.  6  represents  the  general  view  for  the  Pittsburgh  sheets  as 
appearing  on  the  rack  at  this  inspection. 

Fig.  7  represents  the  condition  of  sheets  B  19  and  20  (No.  22  Gage 
Open-hearth  Steel,  Series  A),  failed  due  to  holes  in  lower  ends. 

Fig.  8  represents  the  condition  of  sheets  H  45  and  47,  (No.  22 
Gage  Copper-Bearing  Basic  Open-hearth  Steel,  Series  A),  sheet  H  47 
having  failed  due  to  hole  in  lower  end.  Sheet  H  45  was  reported  as 
failed  at  the  April  5,  1921,  inspection. 

Figs.  9  and  10  represent  the  condition  of  sheets  K  35  and  36,  40 
and  41  (No.  22  Gage  Copper-Bearing  Add  Open-hearth  Steel,  Series 
A).  Sheets  K  36  and  41  have  failed  due  to  holes  in  lower  ends.  Sheets 
K  35  and  40  have  not  failed. 

Fig.  11  represents  the  condition  of  sheets  M  31  and  32  (No.  22 
Gage  Open-hearth  Steel,  Series  B),  manufactured  by  the  Alan  Wood 
Iron  and  Steel  Co.,  sheet  M31  having  failed  due  to  holes  in  lower 
end.  Sheet  M  32  was  reported  as  failed  at  the  May  1 1 ,  1920,  inspection. 

Figs.  12,  13  and  14  represent  the  condition  of  sheets  Z509  and 
513,  516  and  607,  608  and  609  (No.  22  Gage  Copper-Bearing  Open- 
hearth  Steel,  Series  B),  manufactured  by  the  Youngstown  Sheet  and 
Tube  Co.    These  sheets  have  failed  due  to  holes  in  lower  ends. 

Fig.  15  represents  the  condition  of  sheets  BB  22  and  23  (No.  16 
Gage  Open-hearth  Steel,  Series  A),  sheet  BB  23  having  failed  due  to 
holes  in  lower  end.     Sheet  BB  22  has  not  failed. 

Figs.  16  to  19,  inclusive,  represent  the  condition  of  sheetsDD  29 
and  30,  31,  54  and  55,  and  57  and  58  (No.  16  Gage  Low-Copper  Pure 
Iron,  Series  A).'  These  sheets  have  failed  due  to  holes  and  ragged 
edges  at  lower  ends. 

Figs.  20,  21  and  22  represent  the  condition  of  sheets  MM  35  and 
36,  38  and  39,  40  and  41,  (No.  16  Gage  Open-hearth  Steel,  Series  B), 
manufactured  by  the  Alan  Wood  Iron  and  Steel  Co., sheets  MM  35, 

38  and  40  having  failed  due  to  holes  in  lower  ends.    Sheets  MM  36, 

39  and  41  have  not  failed. 


Digitized  by 


Google 


158       Report  of  Sub-Committee  m  of  Coioiittee  A-5 

Figs.  23  to  26y  inclusive,  represent  the  condition  of  sheets  00  29 
and  30,  31,  34  and  35,  and  36  (No.  16  Gage  Low-Copper  Open-heart 
Steel,  Series  A),  having  failed  due  to  one  or  more  holes  in  the  lowe 
ends. 

Figs.  27  and  28  represent  the  condition  of  sheets  XX  36  and  37, 
41  and  42  (No.  16  Gage  Low-Copper  Pure  Iron,  Series  B),  manu- 
factured by  the  Inland  Steel  Co.,  sheets  XX  37  and  42  having  failed 
due  to  holes  and  ragged  edges  at  the  lower  ends.  Sheet  XX  41  was 
reported  as  failed  at  the  May  11,  1920,  inspection,  and  sheet  XX  36 
was  reported  as  failed  at  the  October  12,  1920,  inspection. 

Fig.  29  represents  the  condition  of  sheet  YY  8  (No.  16  Gage  Low- 
Copper  Wrought  Iron,  Series  B),  manufactured  by  the  Youngstown 
Sheet  and  Tube  Co.,  having  failed  due  to  hole  at  the  lower  end- 
Sheet  CC  18  (No.  16  Gage  Copper-Bearing  Pure  Iron,  Series  A), 
and  sheets  DD  27  and  28  (No.  16  Gage  Low-Copper  Pure  Iron,  Series 
A) ,  are  reported  as  failed  due  to  holes  in  lower  ends.  No  photographic 
records  were  made  of  these  sheets  at  this  inspection,  due  to  inability 
because  of  location  to  place  the  photographic  tower  between  the 
sheets  and  the  wall  of  an  adjacent  building. 

Fig.  31  shows  the  general  view  for  the  Annapolis  sheets  as  appear- 
ing on  the  rack  at  the  October  19,  1921,  inspection.  The  rate  of 
corrosion  for  the  test  sheets  exposed  at  Annapolis  continues  slow, 
and  no  failures  have  occurred  at  this  location  after  an  exposure  period 
of  60  months. 

Second  Meeting. 

The  second  meeting  was  held  at  Fort  Sheridan,  111.,  on  April  10, 
1922,  with  Messrs.  Aupperle,  Buck,  Cooper,  McDonnell  and  Smith 
present;  Messrs.  Fleming,  Gibboney  and  the  representatives  of  the 
Bureau  of  Steam  Engineering  of  the  U.  S.  Navy  Department,  and  the 
Quartermaster's  Corps  of  the  U.  S.  War  Department  being  absent. 

The  Fort  Sheridan  sheets  were  inspected  on  April  10,  1922, 
followed  by  a  partial  inspection  of  the  Pittsburgh  sheets  on  April  11, 
1922,  Mr.  Gibboney  joining  the  sub-committee  at  Pittsburgh. 
On  account  of  rain  at  Pittsburgh  it  was  found  impractical  to  make  a 
detail  inspection  of  these  sheets  for  surface  texture,  color  and  adher- 
ence of  the  rust,  the  observations  being  limited  to  sheets  showing 
failure  since  the  last  inspection. 

The  following  members  filed  data  sheets  covering  the  Fort 
Sheridan  inq>ection: 

Messrs.  Aupperle,  Buck,  Cooper^  McDoimell  and  Smiths 
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The  results  of  the  Fort  Sheridan  inspection  in  composite  form 
have  been  filed  in  the  office  of  the  Society.  Copies  may  be  obtainfed 
upon  application  to  the  Secretary-Treasurer. 

The  following  photographs  of  the  Fort  Sheridan  sheets  showing 
failures  taking  place  at  this  location  were  made  on  April  10,  1922: 

Fig.  30  represents  the  condition  of  sheet  AA  13  (No.  16  Gage 
Bessemer  Steel,  Series  A).  This  sheet  failed  due  to  holes  in  lower 
end  prior  to  the  October  17,  1921,  inspection,  representing  an  exposure 
period  of  60  months. 

Fig.  32  represents  the  condition  of  sheets  S  18  to  28,  inclusive, 
in  a  group  consisting  of  sheets  S  15  to  28  (No.  22  Gage  Low-Cop- 
per Pure  Iron,  Series  B),  manufactured  by  the  American  Rolling 
Mill  Co.  Sheets  S  17,  18,  19,  20,  21,  23,  24  and  27  have  failed, 
due  to  holes  in  lower  ends.  Sheets  S  16,  22,  25,  26,  and  28  were  re- 
ported as  failures  at  the  October  17, 192 1,  inspection.  Sheet  S  15  has 
not  failed. 

Fig.  33  represents  the  condition  of  sheet  X  23  (No.  22  Gage  Low- 
Copper  Pure  Iron,  Series  B),  manufactured  by  the  Inland  Steel  Co. 
This  sheet  shows  a  laminated  zone  about  half  way  up  on  the  right 
edge,  which  is  a  defect  in  manufacture  not  sufficient  to  classify  the 
sheet  as  a  failure  at  this  time. 

The  following  photographs  of  the  Pittsburgh  sheets  showing 
failures  taking  place  at  this  location  were  made  on  April  11,  1922, 
representing  an  exposure  period  of  64  months. 

Fig.  34  represents  tie  condition  of  sheet  H  43  (No.  22  Gage 
Copper-Bearing  Basic  Open-hearth  Steel,  Series  A),  this  sheet  having 
failed  due  to  hole  in  the  lower  end. 

Figs.  35  and  36  represent  the  condition  of  sheets  K  37  and  39 
(No.  22  Gage  Copper-Bearing  Acid  Open-hearth  Steel,  Series  A), 
having  failed  due  to  holes  in  the  lower  ends. 

Figs  37  and  38  represent  the  condition  of  sheets  Z  214  and  714 
(No.  22  Gage  Open-hearth  Steel,  Varying  Copper  Content,  Series  B), 
manufactured  by  the  Yoimgstown  Sheet  and  Tube  Co.  These 
sheets  have  failed  due  to  holes  in  the  lower  ends. 

Fig.  39  represents  the  condition  of  sheets  BB  20  and  21  (No.  16 
Gage  Open-hearth  Steel,  Series  A),  having  failed  due  to  holes  in  the 
lower  ends. 

Figs.  40  and  41  represent  the  condition  of  sheets  CC  15  and  17 
(No.  16  Gage  Copper-Bearing  Pure  Iron,  Series  A).  Sheet  CC  15 
failed  due  to  a  single  hole  in  the  lower  end.  Sheet  CC  17  shows  a 
laminated  area  near^the  lower  end  which  has  rusted  through  in  a 
hole,  causing  failure  of  this  sheet. 

figs.  42  and  43  represent  the  condition  of  sheets  DD  8  and  9, 
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Table  I. — Fort  Sheridan  Tests.    Inspection  of  October  17,  1921. 


Type  Designation. 


Average  Texture. 


Numerical 
Value. 


Symbol. 


Color. 


Adherence. 


No.  16  Gaob. 

II 

ZZ  (HO) 

4.094 
3.982 
3.970 
3.294 
3.250 
3.243 
3.200 
3.186 
2  726 
2.646 
2  600 
2.350 
2.200 
2.095 
2.000 
1.843 
1.800 
1.650 
1.533 

S 

s 
s 

M 
M 

M 
M 
M 
M 
M 
C 
C 

c 
c 
c 
c 
vc 
vc 
vc 

D 
D 
D 
D 
D 
D 
D 
M 
M 
M 
M 
M 
ML 
L 
L 
L 
M 
L 
L 

t 

T 

KK. 

T 

SB 

EE 

T 
T 

tt 

L 

MM 

L 

HH 

VV 

T 
T 

UU 

T 

ZZ  (LC)                                                

L 

00 

COC 

DD 

L 
L 
L 

CC 

L 

XX 

L 

YY                              ...          .  '       

L 

88 •. 

L 

AA 

L 

No.  22  Gage. 

I 

4.305 
4.087 
3.883 
3.490 

VS 

s 
s 
s 

D 
D 
D 
M 

T 

K 

T 

Z  (HC) 

T 

H     ..::.:               ... 

T 

M 

3.185 
3.157 
3.150 
3.015 
2  959 

M 
M 
M 
M 

M 

D 
D 
D 
M 
M 

T 

T 

T 

E 

T 

B 

T 

V 

T 

a 

2.659 

M 

M 

T 

Y 

2.400 

C 

M 

L 

C 

2.200 

C 

L 

L 

D 

2.100 

c 

L 

L 

X 

2  000 

c 

L 

L 

A 

1.800 

vc 

L 

L 

5 

1  800 

VC 

L 

L 

Nom.— ZZ  (HC)  indicates  copper  0.154  to  0.658  per  cent. 

ZZ  (LC)  indicates  copper  0.031  per  cent  or  under. 

Z  (HC)  indicates  copper  0.126  to  0.554  per  cent. 

Z  (LC)  indicates  copper  0.020  per  cent  or  under. 

All  of  (he  0  and  Z  (LO)  sheets  eiposed  at  Fort  Sheridan  are  recorded  as  faihires  in  this  report,  therefore  no  rating 
^poara  in  this  taUe. 

The  above  table  has  been  compiled  from  the  composite  inspection  report  by  avera^ng  the  reports  on  texture  on 
jsch  sheet  by  eaeh  inspector.    The  arbitrary  figures  ufled  in  these  averages  are  as  follows: 

Very  eoarse I 

Coarse 2 

Medium » . . .  3 

Smooth 4 

Very  smooth 5 

The  numerical  values  thus  obtained  have  been  translated  back  into  symbols,  using,  the  following  scale: 

1.0  to  1.8 Very  coarse  (VC) 

1.8  to  2.6 Coarse  (C) 

2.6  to  3.4 Medium  (M) 

3.4  to4.2 Smooth  (S) 

4.2  to  5.0 Very  smooth  (VS) 

In  the  case  of  color  and  adherence,  it  being  impractical  to  ascribe  satisfactory  numerical  values,  the  symbols  in 
the  table  represent  the  majority  opinions  of  the  inspectors. 
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and  49  (No.  16  Gage  Low  Copper  Pure  Iron,  Series  A)  having  failed 
due  to  holes  in  the  lower  ends. 

Fig.  44  represents  the  condition  of  sheet  MM  41  (No.  16  Gage 
Open-hearth  Steel,  Series  B),  manufactured  by  the  Alan  Wood  Iron 

Table  II. — Pittsburgh  Tests.    Inspection  of  October  18,  1921. 


Average  Texture. 


Type  Designation. 


Numerical 
Value. 


Symbol. 


Color. 


Adherence. 


No.  16  Gaok. 


II 

ZZiHC) 

KK 

EE 

HH 

TT 

UXJ 

vv 

BB 

CCC 

MM 

cc 

00 

DD 


4.750 

VS 

4  466 

VS 

4  439 

VS 

4  083 

s 

3  833 

s 

3  595 

s 

3  405 

s 

3.320 

M 

2.990 

M 

2  944 

M 

2.380 

C 

2.278 

C 

1.562 

VC 

1.531 

vc 

t 
t 
t 

T 
T 
T 
T 
T 
T 
L 
L 
L 
L 
L 


No.  22  Gaoi. 

I 

Z  (HC) 

4.888  i 

4.400      ' 

VS 
VS 

vs      1 

1 

T 
T 

k:    :..::: ::::.::::::: 

4.333      1 

T 

NoTB.— ZZ  (HC)  indicates  copper  0.153  to  0.586  per  cent. 
Z  (HO)  indicates  copper  0.128  to  0.712  per  cent. 


L  (UU)  mdicates  copper  o.izs  to  0.712  per  cent. 

In  the  oaae  of  the  A,  C.  D,  E,  0,  S.  T.  U,  V,  X,  Y.  Z  (LC),  AA,  SS.  and  ZZ  (LC),  recorded  as  complete  failure! 
b  the  1919,  1920  and  1921  reports,  no  further  detail  record  appears.  All  of  the  B,  M  and  YY.  and  a  majority  of  the 
H  and  XX  sheets  exposed  at  Pittsburgh,  Pa.,  are  recorded  as  fiulures  in  this  report,  ther^ore  no  rating  appears  in  this 
table. 

The  above  UUe  has  been  eompUed  from  the  composite  report  by  averaging  the  reports  on  texture  on  each  sheet 
by  each  iospeetor.    Tlie  arbitrary  figures  used  in  these  averages  are  aa  follows: 

Very  coarse I 

Coarse 2 

Medium 3 

Smooth 4 

Very  smooth 5 

The  numerical  values  thus  obtained  have  been  translated  back  into  symbols,  using  the  following  scale: 

1.0  to  1.8 Very  coarse  (VC) 

1.8  to  2.6 Coarse  (C) 

2.6  to  3.4 Medium  (M) 

3.4  to  4.2 Smooth  (S) 

4.2  to  6.0 Very  smooth  (VS) 

In  the  CMS  of  color  and  adherence,  it  being  fanpraetical  to  ascribe  satisfactory  numerical  values,  the  symbols  io 
the  table  represent  the  miuority  Ofunions  of  the  inspectors. 

and  Steel  Co.     This  sheet  has  failed  due  to  holes  and  ragged  edge 
at  the  lower  end. 

Figs.  45  and  46  represent  groups  of  copper-bearing  and  non- 
copi>er-bearing  Bessemer  steel  sheets  as  now  appearing  on  the  Pitts- 
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Table  III. — ^Annapolis  Tests. 

Inspection  of  October  19,  1921. 

^ 

1                                ' 

Average  Texture.          ' 

T^pe  Dcit((nation. 

1       Color. 

1                           1 

Adherence. 

No.  16  Oaob. 


II         .    . 
KK 

7'/(HC) 
Tf  . 

KK   

Hff 
BB 
MM 
1<V. 

ZZ  0  C' 
vv  . 

DD    .     . 

00 

00      .   . 
UCC  .... 

XX 

Y^ 

A.\ 

8S 


T 
T 
T 
T 
T 
T 
T 
T 
T 
!. 
T 
L 
L 
I. 
L 
L 
L 
L 
L 


No.  22  Qaoc. 


I 

K 

Z(HO). 

E 

H 

T....... 

B 

M 

V 

V 

c 

Z(LC).. 

A 

\> 

0 

Y 

X 

S 


4.364 

VS 

4  135 

S 

4  111 

s 

3  545      i 

s 

3.468      , 

s 

3  428      1 

s 

3083      ; 

M 

2  940       ' 

M 

2.774      1 

M 

2  738 

M 

2.683      1 

C 

2.416      ' 

C 

2  400 

C 

2  095       ' 

C 

2  Oil       1 

0 

2  000      ' 

c 

1  8d9      1 

c 

1  739 

\c 

D 
D 
D 
D 
M 
D 
M 
M 
M 
M 
L 
M 
ML 
L 
M 
M 
L 
L 


T 
T 
T 
T 
T 
T 
T 
T 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 


NoTK.  -ZZ  {tid  iiiiicalcst  topper  U.Ki.  lO  J.(i6J  pjr  cent. 

ZZ  U  0>  ifiuijHtw  coppor  0.03 i  itor  cent  or  unuer. 

Z  (iCi  iiiJicaiee  copper  0.1»8  lu  U.05i  per  cent. 

Z  (1  Ci  indiculott  copp^T  0.0  0  p^r  cent  or  under. 

The  abo  e  table  bait  been  co  np'.ied  fro  n  the  coupoiite  inspection  report  by  averacing  the  reports  on  texture  on 
h  iheel  by  each  in.spcMtior.    The  arbitrary  6gureH  used  in  theee  a.erageri  are  as  follows: 

Very  eo^ir^s 1 

C0Ar*j 2 

Me  ii  am 3 

Smooth   .     4 

\  ery  smooth  5 

The  numerical  values  thui  obtained  liave  been  translated  back  into  symbols,  using  the  following  seals: 

I.O  to  1.8 Very  coarse  (VC) 

1.8  to  i.tf Coarse  (C) 

2.6  to  ;J.I Medium  (M) 

3.4  to  4.2 Smooth  (8) 

4.2  to  5.0 Very  000001  (V8) 

In  the  ease  of  odor  and  adherenee.  it  being  impraetical  to  ascribe  satisfactory  numerioal  valuM.  the  qrmbob  ia 
the  table  represent  the  m^ority  opinions  of  the  inspeetors. 
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Table  IV. — ^Port  Sheridan  Tests.    Inspection  of  April  10,  1922. 


Type  Dcaiffiutiion. 


AvensA  Texture. 


Numerinl 
Value. 


Symbol. 


Color. 


No.  16  Gaoi. 

tl 

4.874  * 

4.768 

4.400 

3  859 

3  729 

3.617 

3.400 

3.286 

3.200 

3.154 

2.800 

2.450 

2.400 

2.200 

2.067 

2.017 

2.012 

1.953 

1.850 

VS 
VH 
V8 
8 
S 
S 
S 
M 
M 
M 
M 
C 
C 
C 
C 
C 
C 
C 
C 

D 
D 
D 
D 
D 
M 
D 
D 
M 
M 
M 
ML 
L 
L 
M 
L 
L 
L 
L 

T 

KK 

T 

7sZ  (HO 

T 

HH 

T 

BB 

T 

KB  

T 

MM 

TT 

T 
T 

VV 

T 

UTI 

T 

DO 

T 

OCC 

L 

ZZ(LC) 

XX  .,  - 

YY 

¥ 

cc 

T 

DD> 

t 

AA 

¥ 

88 

L 

No.  22  Gaob. 

I 

4.968 
4.562 
4.067 
3.945 
8.828 
8.550 
3.443 
3.046 
2.957 
2.967 
2.500 
2.400 
1.900 
1.554 
1.400 
1.068 

V8 
V8 
8 
8 
8 
8 
8 
M 
M 
M 
C 

g 

VC 

D 
D 
D 
D 
D 

« 

M 
M 
M 
M 
M 
L 
L 
L 
L 

T 

K 

T 

Z  (HC) 

T 

H 

T 

5;:::::;::::::;::::::::::::::::::;:::::::;:::::::::: 

T 

E 

T 

T 

T 

B 

T 

U 

T 

V 

T 

Y 

TL 

C 

L 

D 

L 

X 

L 

A 

L 

s 

L 

Non.— ZZ  (HC)  indicatee  copper  0.154  to  0.658  per  cent. 

ZZ  (LC)  tndieatee  copper  0.031  per  oent  or  under. 

Z  (HC)  indieatei  copper  0.126  to  0.554  per  oent. 

Z  (LC)  indicates  copper  0.020  per  oent  or  under. 

All  of  the  0  and  Z  (LC)  aheeta  exposed  at  Fort  Sheridan  are  recorded  as  failuree  in  this  report,  therefore  no  rating 
appears  in  this  table. 

The  above  table  has  been  compiled  from  the  composite  inspection  report  by  averaging  the  reports  on  texture  on 
each  sheet  Iqr  eaeh  inspector.    The  arbitrary  figures  used  in  these  averages  are  as  follows: 

Very  coarse 1 

Coarse 2 

Mouum. 3 

Smooth 4 

Vsry  anooth 5 

Tha  niimerieal  Yahias  thus  obtained  have  been  translated  back  into  symbols,  using  the  foUowing  soale: 

1.0  to  1.8 Very  coarse  (VC) 

1.8  to  2.6 Coarse  (C) 

3^  to  3.4 MedhanCM) 

3.4  to  4.2 Smooth  (8) 

4.2to5.0 Very  ■MOtb  CVB) 

la  tbi  mm  «f  eolor  and  adherence,  it  beiai  hnpraetical  to  ascribe  mtiifaotory  aitfo«kil  ^«hMi,  (hf  i 
tbi  taUa  rtpNHil  thoanJMilgr  opiuflBs  of  the  lafpMton. 
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burgh  test  rack.  It  will  be  noted  that  these  two  groups  of  sheets 
have  substantiaUy  the  same  general  composition,  with  the  exception 
of  the  copper  content,  however  the  light  gage  copper-bearing  sheets 
have  no  failures  after  64  months  exposure,  whereas  the  heavier  gage, 
non-copper-bearing  sheets  of  approximately  twice  the  thickness  of 
the  light  gage  copper-bearing  sheets  all  failed  after  24  months,  exposure. 

Fig.  47,  Plate  III,  shows  the  general  view  of  the  Pittsburgh  sheets 
as  appearing  on  the  rack  at  this  inspection,  marked  in  such  manner 
as  to  locate  each.  All  sheets  that  have  failed  prior  to  April  11,  1922, 
have  been  reported,  and  with  few  exceptions  as  noted  have  been 
photographed  for  permanent  record. 

Following  the  same  general  plan  of  presenting  condensed  results 
of  various  inspections,  as  in  previous  reports  of  the  sub-committee, 
tables  have  been  prepared  from  the  composite  reports  for  the  inspec- 
tions made  during  the  past  year. 

Tables  I,  II,  III  and  IV  give  in  condensed  form  the  results 
obtained  by  the  averaging  method  for  the  condition  of  surface  of 
sheets  at  Fort  Sheridan,  Pittsburgh  and  AnnapoUs  in  October,  1921, 
and  at  Fort  Sheridan  in  April,  1922. 

Tables  V  and  VI  present  in  condensed  form  the  results  obtained 
by  the  averaging  method  for  the  condition  of  surface  texture  of  the 
sheets  at  Fort  Sheridan  and  Pittsburgh  for  all  inspections.  By 
comparing  this  information  with  failures  at  these  locations  as  shown 
in  Tables  VII  and  VIII  it  wiU  be  observed  that  the  same  groups  of 
sheets  have  shown  substantially  the  same  surface  texture  develop- 
ment, and  that  the  condition  of  surface  texture  continues  to  be  a 
reliable  guide  as  regarding  rate  of  failure,  the  coarseness  of  texturp 
usually  accompanied  by  a  light  yellow,  loose  adhering  rust,  being 
apparently  directly  proportionate  to  increased  rate  of  corrosion. 

Table  VII,  Plate  I,  is  presented  as  showing  all  sheets  at  the  Fort 
Sheridan  location  grouped  as  regarding  the  presence  of  copper  into 
copper-bearing  and  non-copper-bearing  metals,  the  average  analysis 
of  all  sheets  at  all  three  locations  being  the  basis  for  classification. 
The  table  also  shows  the  failures  present  in  each  group  of  sheets  at  all 
inspections,  from  which  it  will  be  observed  that  the  sheets  failing  first 
at  this  location  are  confined  to  the  non-copper-bearing  metals,  and 
belong  to  the  same  groups  that  failed  first  at  Pittsburgh,  which 
development  indicates  that  the  two  different  atmospheric  conditions 
are  showing  the  same  general  tendencies,  only  with  varying  rates  of 
corrosion. 

Table  VIII,  Plate  II,  is  presented  as  a  continuation  of  the  same 
general  plan  of  grouping  the  sheets  at  Pittsburgh  as  shown  in  Table  XIII 
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Table  VII. — Failures  a^R-Bearing  with  Non-Copper-Bearing  Materials.* 


Groiipi 


t 


kte  of  Inspeetioa. 


Oct  11.  lOSO. 
43MoQiht. 


AvU4.102L 
ISMootiia. 


Oct.  17. 1921. 
MMoQiht. 


April  10. 1022. 
WMoQiht. 


Number 

ofSh«eU 

Failed 

iaTeei. 


n 

KK 

OOC 

TT 

UU 

W 

ZZ 

ZZ 

ZZ 

ZZ 

ZZ 


AA 

BB 

OC 

DD 

00 

MM 

88 

XX 

YY 

ZZ 

ZZ 


B 

0 

E 

H 

I 

K 

M 

T 

U 

V 

Z 

Z 

Z 

z 
z 


A 

B 
C 
D 
O 


Y 
Z 
Z 
Z 


Puddled  Iron 
Copper-Bearing 
Copper-Bearing 
Copper-Bearing 
Coppcr-Bcaring 
Copper -Bearing 
Copper-Bearing 
Coppt-r-Bearing 
CopjKT- Bearing 
Copf>er-Bearing 
Copper- Bearing 
Co'  — -H 

Ce 
Co 


BeAoOpeii 
BenemerE 
Acid  Open* 
Purelroa., 
Steel.  New] 
Pure  Iron, 
Pure  Iron,  i 

a 
fl 

8 

Open-heart 
Open-heart 
Open-heart 


Totd.. 


Steel 

Open-hearth  Steel 

Copper-Bearing  Pure  Iron 

Low-Copper  Pure  Iron 

Low-Copper  Open-hearth  8< 
Open-hearth  Steel.  Alan  W« 
Low-Copper  Pure  Iron,  An 
Low-Copiwr  Pure  Iron,  Ink 
Low-Copper  Wrought  Iron, 
Benemer  Steel.  Youn^towl 
Open-hearth  Steel.  Yoonortl 


Total. 


Open-hearth  Steel 

Copper-Bearing  Pure  Iron 

PttddEdlron 

Copper-Bearing  Baaie  Open 
Copper-Bearing  Booaemer  9 
Con>er-Bearing  Add  Open^ 
Open-hearth  Steel.  Ahm  Wc 
Copper>Bearing  Steel.  New] 
Copper-Bearing  Pure  Iron. 
Copper-Bearing  Pure  IroDt.- 
Copper-Bearing  Benemer  9 
Con)er-Bearing  Beeaemer  S 
Copper-Bearing  Open-heart 
CopiMr-Bearing  Open-heart 
CopiMr-Bearing  Open-heart! 


None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 


None 

None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 


None 


None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 


None 

None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 


None 


None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 


None 

13(1) 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 


1 


None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 


None 

None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 


None 


None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 


None 

1 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 


1 


None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 


Total.. 


Steel 

Open-hearth  Steel 

Copper-Bearing  Pure  Iron 

Low-Copper  Pure  Iron m  _ 

Uw-Copper  Open-hearth  SI  17, 

Low-Copper  Pure  Iron,  Aim 

Low-Copper  Pure  Iron.  Inlfl 

Low-Copper  Wrought  Irooc  ^ 
Benemer  Steel.  Youngrtowi 
Benemer  Steel.  Yoongrtowi 
Open-hearth  Steel.  Yoans>« 


Total.. 


None 

None 
None 
None 
None 
,  18.  20,  22 
(4) 
None 

None 

None 
None 
None 


None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 


None 

19.  29.  30  (3) 
None 
None 
None 


None 

25(1) 

None 

4.5(2) 

None 

None 


None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 


None 

None 
None 
None 
None 


10.22.25.20.28 

(5) 

None 

None 

None 
420(1) 


None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 


None 

None 
None 
None 
None 


17.18.19.20.21 

23.  24.  27  (8) 

None 

None 

None 


None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 


None 

6 
None 
None 
None 
12  (AU) 

13 

1 

2(AU) 
None 
2(AU) 


37 


&  In  preparing  thia  table.  aheeUl 
a  No  failorea  were  recorded  at  I 
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QfJr 


tteoC 


1919. 


May  11. 1920. 
41Moatii8. 


OoL  12. 1920. 
46M0Btii8. 


Aprils.  1921. 
a  Months. 


OoL  18. 192L 
SSMootba. 


April  11. 1922. 
64Moatii8. 


Number 

oTShMta 

Ftiled 

inTert. 


NOM 

None 

None 

None 

None 

.  None 

»• 

NOM 

None 

None 

Nona 

None 

None 

NOM 

None 

None 

None 

None 

Nona 

^    M 

NOM 

None 

None 

Nona 

None 

Nona 

M    !• 

Nod* 

None 

None 

Nona 

None 

Nona 

X    1« 

Nona 

None 

Nona 

None 

Nona 

Nona 

in  '« 

None 

Nona 

Nona 

None 

Nona 

None 

Y   le 

NOM 

None 

None 

Nona 

None 

Nona 

i  '• 

None 

None 

None 

None 

None 

Nona 

Nona 

None 

None 

Nona 

Nona 

Nona 

z  ;j 

None 

None 

None 

Nona 

None 

Nona 

NOM 

None 

None 

None 

None 

Nona 

5     !• 

None 

Nona 

None 

None 

None 

None 

^e 

Nooe 

None 

Nona 

None 

None 

None 

b« 

None 

Nona 

None 

None 

Nona 

None 

A^,24 

.... 

.... 

.... 

17  (AU) 

wL 

NoM 

None 

Nona 

28(1) 

18  1) 
27.28,24.30.81 
64.55.57.58(9) 
29.30^8J.34.86 

29.80.35,88.40 

(») 

20.21(2) 
15. 17  (2) 

8 

^ 

None 

None 

Nona 

8 

Nooe 

None 

26.26(2) 

8.9.49>) 

14 

«te 

Nona 

87(1) 

26.26.28.88(4) 

Nona 

11 

^- 

None 

None 

Nona 

41(1) 

6 

88- 

29.30.81.82.38 

34.36.37.38.41 

14  (All) 

85,89.40(8) 
29.30.81.32 

SIR 

88.84.86,88 

37. 42  (2) 

14  (AH) 

ir^ 

41(») 

1:W 

1^4(3) 

None 

None 

8(1) 

im 

None 

Nona 

None 

None 

None 

None 

[ 

13 

8 

14 

25 

8 

88 

—I 

-^•kJ 


18(1) 
.82.84.85 


£8) 


21.  28  (2) 


122.84.39(3) 

_1      12  fn 


19.20(2) 


AOL 
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Table  IX. — ^Average  Compositions  of  Groups  of  Sheets  of  Pittsburgh  Tests 

THAT  HAVE  COMPLETELY  FAILED.      SHEETS  EXPOSED   DECEMBER    12,    1916. 


Group. 


Type  Designation. 


Carbon. 

Man- 

Phoe- 

Sulfur. 

Silicoo. 

Copper. 

per 
cent. 

ganese, 
per 
cent. 

phonia. 
per 
cent. 

per 
cent. 

per 
cent. 

per 

cent. 

0.038 
0.09 

0.386 
0  38 

0  089 
0  017 

0  040 
0.062 

0  007 
0.036 

0.014 
0.062 

0  0« 

0.27 

0.014 

0063 

0.006 

0.179 

0015 

0  028 

0006 

0  036 

0.003 

0  190 

0  01 
0.020 
0  033 

0  028 
0  026 
0034 

0  002 
0.004 
0.114 

0027 
0.022 
0  021 

0002 
0.002 
0.134 

0.139 
0.024 
0.283 

0.093 
0  121 

0.419 
0.536 

0  013 
0  008 

0  041 
0.030 

0011 
0.249 

0.185 
0.020 

0  020 

0.023 

0  006 

0  022 

0.004 

0.022 

0.083 

0.313 

0  009 

0  020 

0.005 

0.227 

0.017 

0  074 

0  008 

0  037 

0.005 

0  260 

0018 

0  051 

0  007 

0  021 

0  005 

030t 

0.021 

0  055 

0.007 

0  031 

0.004 

0.027 

0.03 

0  055 

0  139 

0.021 

0.218 

0.020 

0.055 

0  37 

0  119 

0.048 

0.003 

0.013 

0.10 

0.32 

0.069 

0044 

0.002 

0.018 

O.Ofl 

0.35 

0.049 

0  059 

0.212 

0.07 

0.39 

0.059 

0.058 

0.268 

0.043 

0.419 

0.083 

0.042 

0.004 

0.012 

0.017 

0.021 

0.006 

0.021 

0.006 

0.025 

0  021 

0  062 

0.008 

0  030 

0.005 

0.028 

0  07 

0  40 

0.097 

0.037 

0.008 

0  013 

0  03 

0  051 

0.123 

0.019 

0.203 

0  023 

A  31-47 
B35-38 
B  17-23 
B  34-39 
C  11-14 
C  32-35 
0  20-22 
D30-40 
E  25-36 
M21M2 

0  25-36 
S  29-42 


T21M2 

U21M2 

V  29-42 

X  29-12 

Y7-9« 

Z6,7,  11 

Z  422.  423.  424 

Z  509.  513.  516 

Z  607.  608.  609 

AA  21-30 
AA  50-566 
SS  29-42 

XX  29-42 

ZZ  8. 10. 14 

YY  7.  8.  9 


No.  22  Gage  Bessemer  Steel,  Series  A 

No.  22  Gage  Open-hearth  Steel.  Series  A 

No.  22  Gage  Open-hearth  Steel.  Series  A.. . . . : 

No.  22  Gage  Copper-Bearing  Pure  Iron.  Series  A. 

No.  -J  vias*.'  Copper- Bean  ni^  I'ure  iron,  Series  A. 
No.  22  Gage  Low-Copp«r  Pure  Iron,  Series  A. . 

No.  22  Gage  Puddlecf  Iron.  Series  A . 

No.  22  Gage  Open-hearth  Steel,  Series  B.  Alan 

Wood  Iron  and  Steel  Co 

No.  22  Gage  Open-hearth  Steel,  Series  A 

No.  22  Gage  Low-Copper  Pure  Iron,  Series  B, 

American  Rolling  Mill  Co 

No.  22  Gage  Copper-Bearing  Steel,  Series  B, 

Newport  Rolling  Mill  Co 

No  22  Gage  Copper-Bearing  Pure  Iron,  Series  B, 

Allegheny  Steel  Co 

No.  22  Gage  Copper-Bearing  Pure  Iron,  Series  B. 

Whittaker-CUeMTer  Co 

No  22  Ciage  I^w-Copper  I^ire  Iron,  Series  B, 

inland  St^el  Co 

No  22  Gage  Low-Copper  Wrought  Iron,  Series 

B,  Youngatown  Sheet  and  Tube  Co 

No.  22  Gage  Bessemer  St^el,  Series  B,  Youngs- 
town  Sheet  and  Tube  Co  

No.   22   Gage  Open-hearth  Steel,  Series  B, 

Voungstown  Sheet  and  Tube  Co 

No.  22  Gage  Copper-Bearing  Open-hearth  Stoel. 

Series  B,  Voungstown  Sheet  and  Tube  Co. .  . 
No.  22  Gage  Copper-Bearing  Open-hearth  Rtoel, 

^erie.*!  B,  YounsBtown  Sheet  and  Tube  Co. . . 
No.  U\  Gage  Bessemer  Steel,  Series  A.  \ 

No.  16  Gage  Bcasemer  Steel,  Series  A.  )  ■ 

No.  16  Gage  Low-Copper  l\ire  Iron,  Series  B. 

.\merican  Rolling  Mill  Co 

No   16  Gage  Low-Copper  Pure  Iron,  Scrie**  B, 

Inland  Steel  Co ^. 

No.  IH  Gage  Bpsacmer  Steel,  Scries  B,  Youngs- 

town  Sheet  and  Tube  Co     

No   IH  Gane  I  ow-Gopper  Wrought  Iron,  Srriefl 

B,  Yonng»tow!i  Sheet  and  Tube  Co 


•  Y  Sheets  e-xposed  June  2.  1917. 
fr  AA  Sheets  50-56  sand  blasted. 


Table  X. — Average  Compositions  of  Groups  of  Sheets  of  Fort  Sheridan 
Tests  that  have  Completely  Failed.    Sheets  Exposed  April  9,  1917. 


Group. 

Type  Designation. 

Carbon 
per 
cent. 

Man- 
ganese, 
per 
cent. 

rho*- 

phorus. 

per 

cent. 

0  008 
0.107 
0  065 

Sulfur, 
per 
cent. 

Silicon, 
per 
cent. 

Copper 
per 
cent. 

0  13-24 

No.    22    Gage    Low-Copper    Open-hearth    Steel. 
Series  A .    . . 

0  121 
0  07 
0.06 

0  536 
0  44 
0.32 

0  030 
0  046 
0  044 

0  249 
0  003 
0  002 

0  020 
0  Oil 
0.018 

Z4.5 

No.  22  Gage  Bessemer  Steel,  Series  B.  Youngstown 
Sheet  and  Tube  Co 

Z  420.  421 

No.  22  Gage  Open-hearth  Steel.  Serin  B,  Youngs- 
town Sheet  and  Tube  Co 
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of  the  1921  report,  recording  such  additional  failures  as  have  occurred 
during  the  past  year.  It  will  be  observed  that  practically  all  of  the 
light  gage  non-copper-bearing  sheets  failed  after  28  months'  exposure, 
whereas  only  6  of  the  146  copper-bearing  sheets  had  failed  at  that 
time.  At  the  end  of  64  months'  exposure  there  still  remains  two  full 
groups  of  copper-bearing  sheets,  as  well  as  18  other  scattered  copper 
bearing  sheets  with  no  failures.  The  heavy  gage  non-copper-bearing 
sheets  now  show  87  of  the  total  126  sheets  failed,  five  groups  showing 
entire  failures,  whereas  none  of  the  132  copper-bearing  sheets  has 
failed  at  this  time.  This  information  continues  to  bear  out  the  con- 
clusions of  the  1921  report  that  copper-bearing  metal  in  the  Pitts- 
burgh location  shows  marked  superiority  in  rust  resisting  properties 
as  compared  to  non-copper-bearing  metal  of  the  same  general  com- 
position. 

Table  IX  is  presented  as  the  continuation  of  Table  XIV  of  the 
1921  report,  showing  in  condensed  form  the  composition  of  groups  of 
sheets  that  have  completely  failed  at  the  Pittsburgh  location,  adding 
such  additional  groups  as  have  failed  during  the  past  year.  No 
further  detail  record  for  these  sheets  will  appear  in  future  reports. 

At  the  Fort  Sheridan  location  three  entire  groups  of  sheets  have 
completely  failed,  and  following  the  same  general  plan  as  appearing 
for  the  Pittsburgh  failures  in  previous  reports.  Table  X  is  presented 
as  showing  in  condensed  form  the  average  composition  of  such  groups 
as  have  completely  failed  at  this  location.  No  further  detail  record 
for  these  sheets  will  appear  in  future  reports. 

Third  Meeting. 

The  third  meeting  of  the  sub-committee  was  held  at  Pittsburgh 
on  April  11,  1922,  at  which  time  the  report  of  the  sub-committee  was 
considered  and  unanimously  approved. 

Respectfully  submitted  on  behalf  of  the  sub-committee, 

J.  H.  Gibboney, 

Chairman, 
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Pig.  45. — Pittsburgh  Tbsts. 
No.  22  Gagb  Bbssbmsr  Stsbl.    Copper  Bsaring. 
Sheets.        C.        Mn.        P.  S.  8L        Cu.        NL 

I  42-55 

.0.041     0365     0.097     0.068     0.008    0.252   None. 


Light  gage  iheets.     No  failure  after  64  months  exposure. 
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Fig.  46. — Pittsburgh  Tests. 

No.  16  Gac.k  Bbssemer  Steel.     Non-Copper  Bearing. 

Sheets.         C.         Nfn.  P.  S.  Si.  Cu.        Ni. 

AA  25-30 

50-55 

Average. .  0.043      0.419      0.083      0.042      0.004     0.012    None. 

Heavy  gage  sheets.     Failed  after  28  months'  exposure. 
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REPORT  OP  SUB-COMMITTEE  V  ON  TOTAL  IMMERSION  TESTS. 

Sub-Committee  V  on  Total  Immersion  Tests  reports  that  there 
have  been  no  failures  in  the  test  racks  at  either  the  Bureau  of  Stand- 
ards at  Washington,  D.  C,  or  at  the  Naval  Experiment  Station  at 
Annapolis. 

The  No.  22  gage  specimens  are  getting  very  thin,  and  it  looks 
as  if  there  would  be  some  failures  before  long.  The  test  racks  at 
both  stations  are  being  carefully  watched. 

Respectfully  submitted  on  behalf  of  the  sub-conunittee, 

WiLUAM  A.  Cooper, 
Chairtnan. 


(195) 
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REPORT  OF  COMMITTEE  A-7 

ON 

MALLEABLE  CASTINGS. 

Progress  in  the  betterment  of  the  iron  used  in  malleable  castings 
is  recorded  by  the  specifications  of  this  Society.  Specifications  were 
originated  in  1904  and  no  changes  were  made  for  deven  years.  In 
1915  the  first  revision  was  made.  Four  years  later,  in  1919,  the 
reqtdrements  were  materially  increased.  The  tensile  strength  require- 
ment was  raised  from  38,000  lb.  per  sq.  in.  to  45,000  lb.  per  sq.  in.  and 
the  requirement  for  elongation  was  raised  from  5  per  cent  in  2  in.  to 
7.5  per  cent  in  2  in.  Malleable  foimdries  have  now  been  working  to 
these  specifications  for  three  years  and  at  a  meeting  of  Committee 
A-7,  hdd  in  Cleveland  on  April  3,  it  was  decided  that  malleable  iron 
could  be  made  commercially  with  still  better  physical  properties. 
In  reference  to  the  question  of  rejection  according  to  Section  6  (6)  of 
the  present  specifications,  which  would  cause  the  rejection  of  an  owesn 
of  castings  if  the  test  specimens  representing  that  oven  failed,  perhaps 
on  account  of  flaws  and  therefore  not  really  representative  of  the 
castings,  the  committee  decided  to  recommend  a  change  so  that 
retests  could  be  made  at  the  discretion  of  the  inspector. 

Your  committee,  therefore,  proposes  the  following  revisions  in  the 
Standard  Specifications  for  Malleable  Castings  (A  47  - 19),'  for  publi- 
cation as  tentative: 

Section  5. — Change   to  read  as  follows  by  the  addition  of  the 
italidased  figures  and  the  omission  of  the  figures  in  brackets: 

''The  tension  test  specimens  specified  in  Section  5  shall  conform  to  the 
following  minimum  requirements  as  to  tensile  properties: 

Tensile  strength,  lb.  per  sq.  in [45  000]  $0  000 

Elongation  in  2  in.,  per  cent [7.5]      JO.O*' 

Section  6  {h). — ^Add  a  sentence  to  read  as  follows: 

"In  case  one  of  the  retest  specimens  contains  a  flaw  which  results  in  the 
failure  of  the  bar  to  meet  the  spedficatioas,  at  the  discretion  of  the  mapec^ot 
additional  test  specimens  from  the  same  oven  may  be  tested,  or  test  specimens 
may  be  cut  from  castings.'* 

i  1921  Book  of  A.8.T.M.  SUndards. 

(196 


Digitized  by 


Google 


Report  of  Committee  A-7. 


197 


It  is  further  recommended  that  the  standard  test  specimen  be 
modified  to  conform  to  the  dimensions  shown  in  Fig.  1.  As  may  be 
noted,  this  changes  the  total  length  of  the  test  specimen  from  12  in. 
to  7}  in.  and  the  gage  length  from  4  in.  to  2  in. 
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I 


Fig.  1. 


This  report  has  been  submitted  to  letter  ballot  of  the  committee, 
which  consists  of  20  members,  of  whom  16  have  voted  aflBmiatively, 
one  negatively,  and  3  have  refrained  from  voting. 

Respectfully  submitted  on  behalf  of  the  committee, 


H.   E.  DiLLER, 

Chairman. 


Enriqtte  Touceda, 

Secretary. 


Editorial  Note. 

The  proposed  revisions  of  the  Standard  Specifications  for  Malle- 
able Castings  referred  to  in  this  report  were  accepted  for  publication 
as  tentative  and  appear  on  page  984. 
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REPORT  OF  COMMITTEE  B-1 

ON 

COPPER  WIRE. 

Two  matters  of  importance  with  respect  to  copper  wire  have 
come  up  during  the  past  year.  First,  the  work  on  insulated  wires 
and  cables  has  been  placed  upon  a  businesslike  basis  through  the 
organization  of  a  very  representative  and  comprehensive  conmiittee 
under  the  Rules  of  Procedure  of  the  American  Engineering  Standards 
Comnaittee.  Practically  all  of  the  technical  organizations  which  are 
interested  in  the  standardization  of  insulated  copper  conductors 
are  cooperating  in  the  work  and  our  society  is  one  of  a  number  of 
joint  sponsors.  We  are  represented  on  the  committee  by  members 
selected  from  Committees  B-1  on  Copper  Wire,  D-9  on  Electrical 
Insulating  Materials  and  D-11  on  Rubber  Products. 

Second,  the  American  Electric  Railway  Association  has  suggested 
renewal  of  cooperative  efforts  to  arrive  at  specifications  for  copper 
trolley  wire  which  will  be  acceptacble  both  to  that  association  and 
to  the  American  Society  for  Testing  Materials.  This  suggestion 
was  accepted  by  our  Executive  Committee  who  appointed  a  special 
committee  from  among  the  members  of  Committee  B-1  to  meet  with 
a  similar  committee  representing  the  A.E.R.A.  Several  meetings 
of  the  Joint  Committee  have  been  held  and  the  prospects  of  a  success- 
ful issue  are  excellent. 

Conunittee  B-1  has  realized  that  the  conditions  of  service  under 
which  trolley  wire  operates  are  more  severe  than  those  for  other  types 
of  conductor,  and  that  special  requirements  for  trolley  wire  may  well 
be  warranted.  Since  agreement  with  the  A.E.R.A.  on  specifica- 
tions for  trolley  wire  now  seems  probable,  CorMnittee  B-1  has  agreed 
that  these  specifications  should  be  separate  from  the  general  Speci- 
fications for  Hard-Drawn  Copper  Wire  (B  1  -  15).*  To  pave  the  way 
for  the  issue  of  specifications  for  copper  trolley  wire  when  and  if  they 
are  agreed  upon,  Committee  B-1  recommends  that  all  requirements 
specifically  covering  trolley  wire  only  be  removed  from  Specifications 
B  1  -  15,  and  that  these  specifications,  with  the  requirements  for  trolley 
wire  removed,  continue  as  the  standard  specifications  for  round,  hard- 
drawn  copper  wire. 

1  1921  Book  of  A.S.T.M.  Standards. 
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The  matter  to  be  removed  from  Spedfications  B  1  -  15  is  scheduled 
as  follows: 

Section  2.     Omit  "grooved  trolley  wire  and  figure-eight  trolley 

wire,  as  hereinafter  described. " 
Section   3    (a).    Omit  "in  all  shapes." 
Section  4  (a).     Omit  "standard  packages  of  grooved  troUey  wire 

shall  be  shipments  upon  reels  holding  about  2500  lb.  each. " 
Section  10.  Omit  entire  section. 
Section  11  (a)  and  (6).  Omit  entire  section. 
Section  12.  Omit  entire  section. 
Section  13.  Omit  entire  section. 
Section  14.  Omit  entire  section. 
Section  15.    Omit  entire  section. 

It  is  the  hope  of  Committee  B-1  that  next  year  we  may  report 
specifications  for  copper  trolley  wire  which  will  be  offered  for  approval 
jointly  by  the  A.E.R.A.  and  the  A.S.T.M. 

The  members  of  the  conMnittee  voted  unanimously  to  recommend 
the  removal  of  the  special  requirements  for  trolley  wire  from  Specifica- 
tions B  1-15  and  the  continuation  of  these  specifications  as  standard 
for  hard-drawn  copper  wire. 

The  conmiittee  desires  to  give  notice  at  this  time  that  at  the  next 
annual  meeting  it  will  ask  permission  to  remove  all  requirements  speci- 
fically covering  trolley  wire  from  Specifications  B  1-15  and  have  them 
remain  the  Standard  Specifications  for  Hard-Drawn  Copper  Wire. 
This  is  in  order  that  the  Standard  Specifications  for  Hard-Drawn 
Copper  Wire  which  are  now  well  established  may  not  have  to  become 
tentative  because  of  the  removal  of  the  trolley  wire  requirements. 

This  report  has  been  submitted  to  letter  ballot  of  the  committee, 
which  consists  of  ten  members,  all  of  whom  have  voted  affirmatively. 

Respectfully  submitted  on  behalf  of  the  committee, 

J.  A.  Capp, 
Chairman. 


Editorial  Note. 

The  proposed  revisions  of  the  Standard  Specifications  for  Hard- 
Drawn  Copper  Wire  referred  to  in  this  report  were  accepted  for 
publication  as  tentative  and  appear  on  page  986. 
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REPORT  OF  COMMITTEE  B-2 

ON 

NON-FERROUS  METALS  AND  ALLOYS. 

The  work  of  Committee  B-2  accomplished  during  the  past  year,  if 
measured  in  terms  of  new  tentative  standards  being  submitted, 
consists  in  the  preparation  of  three  tentative  specifications:  namely, 
Specifications  for  Brass  Pipe,  Standard  Sizes;  for  Copper  Pipe,  Stand- 
ard Sizes;  and  for  Seamless  Admiralty  Condenser  Tubes  and  Ferrule 
Stock,  and  of  two  tentative  methods  of  chemical  analysis:  namely, 
for  Brass  Ingots  and  Sand  Castings;  and  for  Bronze  Bearing  Metal. 
Two  tentative  specifications  are  being  recommended  for  advancement 
to  standard:  namely,  the  Tentative  Specifications  for  Nickel;  and 
for  Brass  Ingot  Metal,  Graded  and  Ungraded,  for  Sand  Castings. 

The  work  can  best  be  summarized  by  giving  the  reports  of  the 
various  sub-committees  which  were  accepted  at  the  last  meeting 
of  the  committee  held  on  April  10. 

Sub-Committee  I  on  Pure  Metals  in  Ingot  Form. 

The  sub-committee  recommends  the  following  revisions  in  the 
Tentative  Specifications  for  Pig  Lead  (B  29  -  20  T)  :* 

Section  4. — Change  the  requirements  for  zinc  from  0.001  per  cent 
to  0.0015  per  cent  and  the  requirements  for  lead  (by  difference) 
from  99.9335  per  cent  to  99.9330  per  cent. 

Insert  a  footnote  to  read  as  follows: 

"The  maximum  limits  for  tnsmuth,  copper  and  silver  have  been  given, 
but  it  is  not  expected  that  any  delivery  will  contain  the  maximum  of  all  three/' 

Section  B. — Change  from  its  present  form:  namely, 

''Chemical  Lead  (Grade  II)  shall  conform  to  the  following  requirements  as 
to  chemical  composition.* 

Copper 0.04-0.10   percent 

Bismuth not  over  0. 005        " 

Total  Impurities  other  than  Copper "      "    0.05         "      " 

*  This  composition  represents  present  requirements  in  the  United  States. 

to  read  as  follows: 

"Chemical  Lead  (Grade  II)  is  a  designation  that  has  been  used  for  many 
years  in  the  trade  to  describe  the  undesilverissed  lead  produced  from  South- 
eastern Missouri  ores.  This  lead  contains  from  0.04  to  0.08  per  cent  of  copper, 
from  0.005  to  0.015  per  cent  (U  to  4}  oz.  per  ton)  of  silver  and  carries  less  than 
0.005  per  cent  of  bismuth." 

I  Proceedings.  Am.  Soc.  Test.  Mats.,  Vol.  XX.  Part  I.  p.  554  (1920). 
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Section  6.  (a). — Change  the  requirements  for  bismuth  from  0.35 
per  cent  to  0.25  per  cent  and  the  requirements  for  lead  (by  difference) 
from  99.6265  per  cent  to  99.7265  per  cent. 

The  sub-committee  considered  the  matter  of  specifications  for 
lead  pipe,  brought  to  its  attention  because  of  questions  brought  up  by 
the  American  Water  Works  Association.  It  was  decided,  however, 
that  lead  pipe  was  not  within  the  province  of  this  sub-committee, 
since  lead  pipe  ordinarily  is  made  from  chemical  lead.  The  question 
of  specifications  for  lead  for  cable  sheathing  was  also  considered  but 
since  such  sheathings  are  usually  made  from  alloys,  manufacturers 
may  select  the  proper  grade  of  pig  lead  from  those  specified  in  the 
Tentative  Specifications  for  Pig  Lead,  and  it  is  felt  that  there  is  no 
need  for  separate  specifications. 

Committee  B-2  recommends  that  the  revisions  in  the  Speci- 
fications for  Pig  Lead  as  given  above  be  approved,  and  the  tentative 
specifications,  as  revised,  be  continued  as  tentative  for  another  year. 
The  committee  further  recommends  that  the  Tentative  Specifications 
for  Nickel  (B  39-21  T)*  be  adopted  as  standard,  with  die  inclusion 
of  a  note  reading  as  follows: 

"The  requirement  for  carbon  in  electrolytic  nickel  covers  both  contained 
and  mechanically  attached  carbon  from  the  starting  sheet,  and  it  should  be 
recognized  that  while  lower  values  can  be  obtained  by  separating  the  cathode 
sheets  from  the  starting  sheet  and  pickling  before  drilling,  this  method  of  taking 
the  sample  is  outside  of  these  specifications." 

Sub-Committee  II  on  Wrought  Metals  and  Alloys. 

Three  tentative  specifications  were  prepared  by  this  sub- 
conunittee  and  are  reconunended  by  Committee  B-2  for  acceptance 
by  the  Society  for  publication  as  tentative,  as  follows:  For  Brass  Pipe, 
Standard  Sizes;  for  Copper  Pipe,  Standard  Sizes;  and  for  Seamless 
Admiralty  Condenser  Tubes  and  Ferrule  Stock.  These  tentative 
specifications  are  appended  hereto.^ 

SUB-COMMITTEE  III  ON  SaND-CaST  MeTALS  AND  AlLOYS. 

This  sub-committee  recommends  that  the  following  revisions  be 
made  in  the  Tentative  Specifications  for  Brass  Ingot  Metal,  Graded 
and  Ungraded,  for  Sand  Castings  (B  30  -  21  T) :» 

Section  2. — ^Transfer  the  second  sentence  reading  as  follows  from 
Section  2  making  it  a  part  of' Section  3: 

"Individual  ingots  of  any  lot  shall  not  show  an  extreme  variation  between 
the  high  and  low  copper  percentages  of  more  than  2.5  per  cent  and  between 

>  Proceedings,  Am.  Soc.  Test.  Mats..  Vol.  21.  p.  495  (1921). 

•  See  pp.  653-663.— Bd. 

•  Ptoe0tdints.  Am.  Soc.  Test.  Mate.,  Vol.  21.  p.  491  (1921). 
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the  high  and  low  percentages  of  the  other  main  constituents,  except  arinc,  of 
more  than  1.5  per  cent." 

Section  4- — Change  the  table  appearing  in  Section  4  to  read  as 
follows,  to  include  requirements  for  phosphorus,  and  grouping  under 
the  heading  of  "Impurities"  the  elements  iron,  antimony,  aluminum^ 
sulfur  and  phosphorus: 


Onde^o. 

Copper. 
peroeDt. 

Till, 
percent 

Uad, 
peroent. 

Zino. 
peroent 

ImpnritieB.  suudmum.  per  oent 

Iron. 

Antimony. 

Ahimmnm. 

Solfiir. 

Pbosphorae. 

1 

87 
85 
83 

n 

76 
65 
60 

8 
S 
4 
3 
2 
!• 

2« 
5 
6 
10 
6 
2 
3 

3 
5 
7 
10 
16 
33 
37 

0.25 
0.85 
0.35 
0.40 
0.40 
0.50 
1.00 

0.25 
0.25 
0.25 
0.35 
0.25 
0.20 
0.20 

none 
none 
none 
none 
none 
none* 
none* 

0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 

0.06 

2 

0.05 

3 

0.06 

4 

0.05 

5 

0.05 

6 

0.02 

7 

0.02 

*  MAxunum. 

*  See  Appendix. 

The  conmiittee  reconmiends  that  the  tentative  specifications,  as 
revised,  be  adopted  as  standard. 

The  question  of  a  proper  standard  test  bar  for  the  different  cast 
non-ferrous  alloys  has  been  discussed,  and  it  was  suggested  that  this 
topic  was  a  suitable  one  for  a  symposium  before  the  Society. 

Sub-Committee  IV  on  White  Metals. 

The  work  of  investigating  the  physical  properties  of  white  metal 
bearing  alloys  with  a  view  to  revising  the  table  of  physical  properties 
appearing  as  an  appendix  to  the  Tentative  Specifications  for  White 
Metal  Bearing  Alloys  (B  23  -  18  T)  is  reported  in  Appendix  I  to  this 
report  in  a  paper  entitled  "The  Physical  Properties  of  the  A.S.T.M. 
Tentative  Standard  White  Metal  Bearing  Alloys"  by  John  R,  Free- 
man, Jr.,  of  the  Bureau  of  Standards. 

Sub-Committee  V  on  Plates,  Tubes,  and  Staybolts  for 

Locomotives. 

The  question  of  revising  the  elongation  requirements  in  the 
Standard  Specifications  for  Copper  Plates  for  Locomotive  Fireboxes 
(B  11-18)  and  the  Standard  Specifications  for  Copper  Bars  for 
Locomotive  Staybolts  (B  12-18)  was  referred  to  the  sub-committee 
last  year,  but  too  late  for  any  definite  recommendations  to  be  made  at 
the  last  annual  meeting  of  the  Society.  Since  then,  samples  of  copper 
for  locomotive  staybolts  and  of  copper  for  locomotive  fireboxes,  both 
arsenical  and  non-arsenical,  furnished  by  Messrs.  Hendricks  Bros., 
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were  tested  by  the  American  Brass  Co.,  the  Scovill  Manufacturing 
Co.,  and  the  Bridgeport  Brass  Co.  The  results  of  these  tests  are  as 
follows: 


Matarbl 

Thieknceior 

Dbmeter. 

in. 

Teniile 

Strength, 

R).  per  aq.  m. 

Elongation 
in  8  in., 
percent. 

Grade 

Teetedby 

Fin  Box  Sheet 

1 
I 
1 
1 

32  600 
30400 
31200 
30300 
32  200 
31600 
31000 
32100 

37.6 
37.6 
35.4 
39.6 
48.3 
49.5 
49.9 
37.3 

Arsenical 

Non-Areenieal 

Anenical 

Arsenical 
Non-ArBenical 
Arsenical 
Non-Arsenical 

Bridfeport  Brass  Co. 

Fire  Box  SheM 

Bridgeport  Braes  Co. 

Fife  Box  Sheet 

Scovill  Mfg  Co 

Fire  Box  Sheet 

Aiceiican  Brass  Co. 

Qi__V-|4    1>«»J 

Bridgeport  Eraas  Co. 

Bridgeport  Erase  Co. 

StsyboltRod 

Scovill  Mfg  Co 

Staybolt  Rod> 

.\irerican  Brass  Co. 

^  This  sample  was  turned  to  }-in.  diameter  before  testing. 

These  results  indicate  that  the  change  that  had  been  suggested, 
and  which  prompted  the  investigation:  namely,  that  the  elongation 
in  8  in.  for  firebox  sheets  be  changed  from  30  and  35  per  cent  for 
non-arsenical  and  arsenical  copper,  respectively,  to  40  per  cent,  was 
not  warranted,  but  that  the  suggested  change  in  the  elongation  in  8  in. 
for  staybolt  copper  from  30  and  35  per  cent  for  non-arsenical  and 
arsenical  copper,  respectively,  to  45  per  cent,  was  warranted  provided 
the  specimens  were  tested  without  machining.  No  change,  however, 
is  suggested  at  this  time. 

Sub-Committee  VII  on  Methods  of  Chemical  Analyses. 
The  principal  work  of  the  sub-committee  has  been  the  preparation 
of  Tentative  Methods  of  Chemical  Analysis  of  Brass  Ingots  and  Sand 
Castings,  and  Tentative  Methods  of  Chemical  Analysis  of  Bronze 
Bearing  Metal,  for  use  in  conjunction  with  the  Standard  Specifications 
for  Bronze  Bearing  Metal  in  Ingot  Form  (B  31  -  21)  and  the  Tentative 
Specifications  for  Brass  Ingot  Metal,  Graded  and  Ungraded,  for  Sand 
Castings  (B  30  -  21  T).  The  methods  are  based  upon  those  submitted 
to  Sub-Committee  III  by  L.  P.  Webert  and  W.  M.  Corse,  and  sub- 
sequently submitted  through  N.  K.  B.  Patch  to  Sub-Committee  VII. 
Copies  of  methods,  as  used  by  other  members  of  Sub-Committee  III, 
had  also  been  transmitted  to  Sub-Committee  VII,  and  in  connection 
with  consideration  of  these,  an  outline  of  methods  was  drawn  up  by 
G.  E.  F.  Lundell.  The  methods  herewith  submitted^  comprise  parts 
of  the  latter  method  as  revised  in  accordance  with  suggestions  made  by 
Alden  Merrill  and  the  members  of  Sub-Committee  VII  present  at  the 
meeting  of  April  10.  The  sub-conmaittee  has  considered  methods  of 
sampling,  and  it  requests  Sub-Committee  III  to  revise  the  detailed 

*  See  pp.  664-667.— Eo. 
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instructions  appearing  in  the  Standard  Specifications  for  Bronze 
Bearing  Metal  in  Ingot  Form  (B31-2l)soasto  insure  a  representa- 
tive sample  being  obtained,  in  view  of  the  probable  separation  in  the 
saw  cuttings  of  brittie  components  of  the  alloy,  due  to  its  heterogeneous 
structure.  A  note  by  G.  E.  F.  Limdell,  illustrating  the  importance  of 
this  subject,  appears  in  Appendix  11  to  this  report 

During  the  year,  a  niunber  of  the  standard  methods  of  chemical 
analysis  of  non-ferrous  metab  have  been  recommended  to  the  American 
Engineering  Standards  Committee  for  acceptance  as  American  Stan- 
dard. Three  have  already  been  accepted  as  Tentative  American 
Standard:  namely,  The  Standard  Methods  of  Chemical  Analysis  of 
Manganese  Bronze  (B  27-19),  the  Standard  Methods  of  Chemical 
Analjrsis  of  Gun  Metal  (B  28  - 19)  and  the  Standard  Methods  of 
Battery  Assay  of  Copper  (B  34-20).  The  Standard  Methods  of 
Chemical  Analysis  of  Alloys  of  Lead,  Tin,  Antimony  and  Copper 
(B  18-21)  are  now  before  the  Standards  Committee  for  consideration. 
The  sub-committee  has  been  represented  on  the  National  Committee 
for  Standardization  of  Zinc,  by  Messrs.  Price  and  Lundell,  and  methods 
are  to  be  considered  for  the  determjaation  of  other  elements  in  spelter, 
namely,  alumimmi,  tin,  and  bismuth.  Sub-Committee  VII  will 
cooperate  with  this  committee  in  reviskig  the  methods  of  chemical 
analysis  of  zinc. 

Sub-Committee  VIII  on  Aluminum  Alloys,  Cast  and  Wrought. 

This  sub-committee  recommends  that  the  Tentative  Specifications 
for  Aluminum  Ingots  for  Remelting  and  for  Rolling  (B  24  -  20  T)^  be 
revised  as  follows: 

Section  f . — Change  from  its  present  form:  namely, 

''The  presence  in  any  of  the  above  grades  of  manganese,  magnesium,  zinc, 
calcium  or  sinular  metals  commonly  used  in  the  light  alloys,  or  of  copper  in 
excess  of  0.1  per  cent  is  not  admissible,  and  such  mgot  cannot  be  classed  as 
Virgin  Aluminum  under  these  specifications.  Iron,  silicon,  and  copper  (not  in 
excess  of  0.1  per  cent)  are  allowable  impurities." 

to  read  as  follows: 

''The  presence  in  any  of  the  above  grades  of  manganese,  magnesium,  zinc, 
calcium  or  similar  metals  commonly  used  in  the  light  alloys,  is  not  admissible 
and  such  ingot  cannot  be  classed  as  Virgin  Aluminum  imder  these  specifications. 
Copper  is  an  allowable  impurity  up  to  a  maximtun  of  0.1  per  cent  in  the  99.5 
grade;  0.25  per  cent  in  the  99.0  grade;  and  0.45  per  cent  in  the  98.0  grade. 
Lron  and  silicon  are  also  allowable  impurities.  The  stun  total  of  the  impurities, 
however,  shall  not  exceed  0.5  per  cent  in  the  99.5  grade,  1.0  per  cent  in  the 
99.0  grade,  nor  2.0  per  cent  in  the  98.0  grade." 

^Procttdings,  Am.  Soc.  Test.  Mats..  VoL  XX.  Part  I.  p.  543  (1920). 
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The  99.5  grade  is  being  continued  at  the  present  time  until  the 
subject  has  been  carefully  considered  by  the  Aircraft  Bureau  and  their 
reconunendations  have  been  received.  The  committee  recommends 
that  the  tentative  specifications,  as  amended,  be  continued  as  tentative. 

The  question  as  to  whether  large  ingots  of  aluminum,  cast  directly 
from  the  reduction  pots  and  showing  a  gray  color  and  slag  spots  on  the 
top  surface,  constitute  delivery  of  99.0  aluminum  was  considered,  but 
it  was  felt  that  this  is  a  matter  to  be  left  to  agreement  between  the 
buyer  and  seller  and  not  a  subject  that  should  be  introduced  into  the 
specifications. 

Sub-Committee  IX  on  Nomenclature  of  Metals  and  Alloys. 

Since  submitting  the  report  of  progress  contained  in  the  Report  of 
Committee  B-2  for  1921,  the  sub-conmdittee  has  not  received  any 
further  comments  from  any  of  the  foreign  or  domestic  societies  in 
reference  to  its  report  as  contained  in  the  Report  of  Committee  B-2 
for  1920.  In  view  of  this  fact  and  taking  into  consideration  that  the 
sub-committee's  report  for  1920  contains  only  a  brief  outline  of  a 
proposed  nomenclature  of  non-ferrous  alloys,  the  sub-committee 
believes  that  the  sub-committee's  report  for  1920  should  remain  open 
for  another  year,  during  which  time  such  additions  to  the  nomen- 
clature as  may  be  deemed  advisable  will  be  made. 

Two  years  ago,  a  very  extensive  list  of  alloys  was  compiled  from 
various  sources  by  William  Campbell,  but  because  of  high  printing 
cost,  it  could  not  be  published  at  that  time.  The  committee  believes 
that  the  publication  of  this  list  when  brought  up  to  date  will  be  valuable 
information  and  therefore  recommends  that  this  list  be  published, 
if  feasible.* 

Sub-Committee  X  on  Methods  oe  Testing. 

The  question  of  revising  the  compression  tests  for  bronze,  etc., 
in  order  to  make  them  conform  to  those  adopted  as  standard  for  iron 
and  steel,  has  been  imder  discussion.  The  matter  is  being  taken  up 
with  Committee  E-1  on  Methods  of  Testing.  The  question  of  proper 
standards  for  test  bars  for  the  various  non-ferrous  alloys,  is  one  of 
great  importance  and  it  is  felt  that  this  matter  should  be  discussed  by 
the  Society  at  large  before  any  attempts  are  made  to  formulate 
definite  recommendations. 

The  Advisory  Committee  of  Committee  B-2  proposed  that  there 
should  be  three  stated  meetings  a  year:  one  on  or  about  October  15 
in  Philadelphia,  and  one  in  April  in  New  York  City;  the  final  meeting 
should  be  held  at  the  annual  meeting  as  it  has  been  in  previous  years. 
The  committee  likewise  advised  that  a  rule  be  made,  requiring  the 

>  Hm  Ikt  of  aUoya  ivtextd  to  has  b^pn  iiccepted  for  pablicfttioii  mad  appear*  as  Appendix  III 
to  tfaii  report.— Sd. 
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chairmen  of  sub-committees  to  submit  programs  for  the  year's  work 
at  the  October  meeting,  and  that  the  chairmen  be  required  to  have 
their  sub-committee  reports  ready  in  time  for  action  at  the  April 
meeting.     These  recommendations  were  approved. 

The  analysis  of  the  letter  ballot  of  the  committee  is  as  follows: 


Item. 


Affirm- 
ative. 


atave. 


Not 
Voting. 


I.    pRopoABD  Rsviaiom  in  Tkntativs  Standards. 

1.  ForPigI.«d(B  29-19  T) 

2.  For  Aluminum  Ingots  for  Remelting  and  for  Rolling  (B  24  -  20  T) . . , 

II.    PaopoaKD  Nkw  Tintativs  Standabdb. 

3.  Bran  Pim.  Standard  Siiet 

4.  Coppw  Pipe,  Standard  Siies 

5.  SeamloBS  Admiralty  Condonser  Tubes  and  Ferrule  Stoek 

6.  Methods  of  Chemical  Analysis  of  Bronie  Bearing  Metals 

7.  Methods  of  Chemical  Analytts  of  Brass  Ingot  Metab 


III.    TsNTATivx  Standards  to  m  Adoptsd  as  Standard. 

8.  For  Brass  Ingot  Metol.  Graded  and  Ungraded,  for  Sand  Castings  (B  30  -  21 T) . 

9.  For  Nickel  (B  39  -  21  T) 


40 
28 


24 
27 
26 
35 
35 


30 
28 


61 
73 


77 
74 
75 
66 
66 


71 
72 


This  report  has  been  submitted  to  letter  ballot  of  the  committee, 
which  consists  of  101  members,  of  whom  47  have  voted  affirmatively, 
none  negatively,  and  54  have  refrained  from  voting. 

Respectfully  submitted  on  behalf  of  the  committee, 

William  Campbell, 
P.  D.  Merica,  Chairman. 

Secretary. 

Editorial  Note. 

The  Tentative  Specifications  for  Brass  Ingot  Metal,  Graded  and 
Ungraded,  for  Sand  Castings  and  the  Tentative  Specifications  for 
Nickel,  both  amended  as  indicated  in  this  report  were  approved  at  the 
annual  meeting  and  subsequently  adopted  as  standard  by  letter 
ballot  of  the  Society  on  August  25,  1922,  and  appear  in  the  supple- 
mentary pamphlet  of  A.S.T.M.  Standards  Adopted  in  1922. 

The  proposed  revisions  of  the  Tentative  Specifications  for  Pig 
Lead  and  of  the  Tentative  Specifications  for  Aluminum  Ingots  for 
Remelting  and  for  Rolling  referred  to  in  this  report  were  accepted.  The 
specifications  as  thus  revised  appear  on  pages  648  and  646,  respectively. 

The  three  proposed  Tentative  Specifications  for  Brass  Pipe, 
Standard  Sizes;  for  Copper  Pipe,  Standard  Sizes;  and  for  Seamless 
Admiralty  Condenser  Tubes  and  Ferrule  Stock,  and  the  two  proposed 
Tentative  Methods  of  Chemical  Analysis  of  Bronze  Bearing  Metal 
and  of  Chemical  Analysis  of  Brass  Ingots  and  Sand  Castings  referred 
to  in  this  report  were  accepted  for  publication  as  tentative  and  appear 
on  pages  653-687. 

For  a  discussion  of  this  report,  see  page  243, 
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THE  PHYSICAL  PROPERTIES  OF  THE  A.S.T.M. 

TENTATIVE  STANDARD  WHITE  METAL 

BEARING  ALLOYS. 

By  John  R.  Freeman,  Jr.^ 

Introduction. 

The  Bureau  of  Standards  was  requested  by  Committee  B-2  on 
Non-Ferrous  Metals  and  Alloys  of  the  American  Society  for  Testing 
Materials  to  determine  the  physical  properties  of  the  twelve  white 
metal  bearing  alloys  which  have  been  adopted  tentatively  as  standards 

Table  I. — Compositions  of  Tentative  Standard  Alloys  of  A.S.T.M. 


AilQjrMo. 


Tin, 
percent. 


91 

89 

831 

75 

65 

20 

10 

5 

5 

2 


Antimony, 
percent. 


4i 
7i 
8i 

12 

15 

15 

15 

15 

10 

15 

15 

10 


Lead, 
per  cent. 


0.36« 
0  35« 
0.35« 

10 

18 

63i 

75 

80 

85 

83 

85 

90 


Copper, 
per  cent. 


4i 
zi 

8i 

3 

2 

li 

0.60« 

0.50« 

0.50* 

0.50« 

0.50« 

0  60" 


Iron, 
maximum, 
percent. 


0.08 
0.08 
0.08 
0.08 
0.08 
0.08 


Arsenic, 
maximum, 
per  cent. 


0.10 
0.10 
0.10 
0.15 
0.15 
0.15 
0.20 
0.20 
0.20 
0.20 
0.25 
0.25 


Zinc, 
percent. 


None 


Aluminum, 
percent. 


None 


'  Maximum 

by  the  Society  and  to  revise  the  table  of  physical  properties  given  in 
the  appendix  to  the  specifications.* 

The  properties  of  the  alloys  to  be  determined  were  the  yield  point, 
ultimate  strength  and  Brinell  hardness  at  normal  temperatures  and 
at  100*^  C.  using  the  test  methods  developed  at  the  Bureau  of  Standards 
and  described  in  Technologic  Paper  No.  188  of  the  Bureau  of  Standards.' 

The  compositions  of  the  twelve  A.S.T.M.  alloys  adopted  tenta- 
tively as  standard  are  given  in  Table  I. 

>  Aawciate  Phyatciat,  U.  S.  Bureau  of  Standards,  Washington,  D.  C. 

>  Tentative  Specifications  for  White  Metal  Bearing  Alloys  (B  23-18  T),  Proceedings,  Am.  Soc. 
TesL  Mats..  Vol.  XX«  Part  I.  p.  538  (1920). 

*Mao  Jcwnal,  Society  of  Automotive  Engineers.  February,  1921. 
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Three  complete  series  of  the  twelve  alloys  were  prepared  and 
tested.  One  of  these  series  was  prepared  at  the  Bureau  of  Standards 
under  careful  laboratory  control  and  the  two  other  series  were  pre- 
pared by  independent  manufacturers  to  meet  the  specifications. 
These  three  series  are  distinguished  throughout  this  paper  by  the 
following  nomenclature;  B.  S.,  for  the  alloys  prepared  at  the  Bttreau 
of  Standards  and  A  and  B,  respectively,  for  the  two  manufacturers. 

The  alloys  prepared  at  the  Bureau  of  Standards  were  made  from 
pure  Banka  tin,  high  grade  "Star"  antimony  and  a  commercially 
pure  lead  (99.94  per  cent  Pb). 

The  compositions  of  the  alloys  as  shown  by  chemical  analysis 
are  given  in  Table  II. 


Table  II. — Composition  op  Alloys  Preparbd  at  the  Bureau  of  Standards 
AND  Pouring  Temperature  Used  for  all  Alloys  Testbd.* 

ADojNo. 

Conpoaition,  per  cent 

Pouriaf 

Tempmtare. 

dec.  Out 

Oopper. 

Tto. 

Antimony. 

UtA. 

Iron. 

Anenio. 

Zbo. 

Ahnnimim. 

1 

4.66 

S.l 

8.S 

S.O 

2.0 

1.6 

o.n 

0.14 
0.06 
0.12 
0.19 
0.12 

90.9 
89.2 
88.4 
76.0 
66.6 
19.8 
10.0 
6.2 
6.0 
2.06 
0.09 
0.11 

4.62 
7.4 
8.2 
11.6 
14.1 
14.6 
14.6 
14.9 
9.9 
16.7 
14.8 
9.9 

None 
0.08 
0.08 

10.2 

18.2    , 

68.7    1 

76.0 

79.4 

84.6 

82.0 

84.7 

89.4 

0.06 
0.03 
0.02 
0.06 
0.07 

O.n 

0.14 
0.14 
0.17 
0.06 
0.17 
0.14 

o.ii 

0.04 
0.12 
0.12 
0.09 
0.10 
0.08 
0.06 
0.07 
0.09 
0.06 

Not  detested 

** 
•• 

Not  detected 

.« 
•* 

440 

2 

480 

S 

490 

4 

860 

5 

360 

6 

336 

7 

330 

8 

380 

9 

326 

10 

330 

U 

330 

12 

336 

>  Mr.  J.  A.  Schener  of  the  Bureau  of  StandArds  mmde  all  chemical  analysea. 


Apparatus  and  Test  Methods. 


The  apparatus  (testing  machine,  extensometer,  heating  baths, 
etc.),  used  in  all  cases  was  the  same  in  this  work  as  that  used  in  the 
previous  investigation  mentioned  above  and  all  results  are  calcu- 
lated in  the  same  manner,  the  yield  point  being  taken  from  the  stress- 
strain  curve  at  a  deformation  of  0.125  per  cent  reduction  of  the  gage 
length  and  the  ultimate  strength  as  the  unit  load  necessary  to  produce 
a  deformation  of  25  per  cent  of  the  length  of  the  specimen. 

The  compression  test  specimens  were  small  cylinders  1^  in.  in 
length  by  }  in.  in  diameter  machined  from  cylindrical  chill  castings 
2  in.  in  length  by  }  in.  in  diameter. 

The  samples  for  Brinell  testing  were  obtained  by  casting  the 
metal  into  an  open  steel  mold  at  room  temperature,  2  in.  in  diameter 
and  f  in.  deep.  The  faces  of  these  castings  were  machined  parallel 
and  the  Brinell  impression  always  made  on  the  bottom  or  chill  face. 
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Three  impressions  were  made,  using  a  10-mm.  ball  and  500-kg. 
load  applied  for  30  seconds,  on  each  specimen  at  equidistant  points  on 
a  circle  one-half  the  radial  distance  from  the  center.  The  average  of 
the  three  impressions  was  taken  as  the  Brinell  hardness  number  of 
the  alloy  under  the  given  conditions. 

Some  special  Brinell  tests  were  made  at  normal  temperatures 
using  lower  loads  in  order  to  determine  if  equally  representative 
values  are  obtained.  Compression  tests  were  made  on  specimens 
3  in.  in  length  by  1  in.  in  diameter  to  determine  the  effect  of  size  of 
specimen  on  compression  test  results.  These  are  reported  under 
"Miscellaneous  Tests." 

The  liquidation  points  of  the  alloy  were  determined  by  the  cus- 
tomary method  of  thermal  analysis  using  the  inverse  rate  cooling 
curve  method. 

Table  III. — Physical  Pkopertibs  op  White  Metal  Bearing  Alloys. 


Yield 
Ib.peri!rm- 

JnL 

RrimJI  Herdn^M. 
6004g.k»d:  10«im.bdl,80iee. 

OlAUojfi 
dec.  Cent 

Mettinc 

Pout,! 

deg-Ceot. 

A]]«7No. 

VvJS^ 

20*  C. 

lOO'C. 

20»C. 

lOO'C. 

20' C. 

lOO'C. 

B.S. 

A. 

B. 

B.8. 

A. 

B. 

4400 
6100 
6020 
6&S0 

6060 
8790 
8680 
8400 
8400 
8860 
8040 
8800 

2080 
8010 
8160 
2160 
2140 
2040 
1680 
1740 
1670 
1860 
1880 
1200 

12860 
14020 
17600 
10160 
16030 
14680 
16040 
16020 
14710 
16480 
12820 
12880 

6060 
8600 
0890 
0900 

0780 
8060 
0170 
0160 
6860 
6770 
6100 
6100 

17.2 
24.8 
27.2 
24.8 
22.8' 
20.8 
22.7 
10.8 
10.1 
17.8 
16.0 
14.0 

Ml 

80.1 
27.7 
24.7 
28.2 
22.0 
21.4 
20.1 
20.8 
17.6 
17.0 

18.0 
22.4 
29.6 
27.2 
20.8 
26.5 
22.9 
21.4 
19.6 
17.0 
14.7 
18.9 

8.2 
12.2 
14.0 
11.9 
10.2 
10.6 
10.6 
9.0 
8.6 
9.2 
7.0 
0.6 

9.7 
11.9 
14.1 
10.6 
9.3 
10.8 
9.8 
9.2 
8.8 
9.6 
7.6 
7.4 

9.2 
10.7 
14.8 
10.8 
9.8 
11.2 
9.8 
9.0 
8.1 
7.7 
0.1 
6.8 

864 
422 
806 
290 
277 
208 
272 
266 
264 
202 
269 

223 

241 

240 

184 

181 

181 

840 

237 

237 

10 

242 

u 

244 

12 

246 

>  TW  Mthor  k  iodeUwl  to  M  ia  J.  S.  Komatko  fer  aU  meltiBf  point  drtn. 

Test  Results. 
The  results  of  the  compression,  hardness  and  cooling  curve  tests 
are  given  in  Table  HI. 

Discussion  op  Results. 
It  is  evident  from  Table  III  that  in  the  tin  base  alloys  the 
yield  point,  ultimate  strength  and  hardness  increase  with  increasing 
amounts  of  antimony.  It  is  of  interest  to  note,  however,  that  while 
there  is  considerable  difference  of  properties  at  20®  C.  between  Alloys 
Nos.  1,  2  and  3,  the  difference  at  100®  C.  is  not  so  marked.  In  the 
case  of  Alloys  Nos.  4  and  5  the  effect  of  the  high  percentage  of  lead  is 
very  evident,  the  compressive  strength  and  hardness  dropping  in 
spite  of  the  increased  antimony  content,  particularly  at  100®  C. 
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The  lead  base  alloys  in  general  have  lower  compressive  properties 
than  the  tin  base  alloys  and  the  lead  base  alloys  containing  tin  have 
higher  values  than  those  not  containing  tin.  This  difference  is  more 
marked  at  100°  C,  again  indicating  the  more  rapid  softening  of  lead 
base  alloys  as  compared  to  tin  base  alloys  with  increasing  temperatures. 

In  comparing  the  Brinell  hardness  values  of  the  alloys  made  at 
the  Bureau  of  Standards  with  those  made  commercially,  it  is  to  be 
noted  that  in  general  the  hardness  of  the  commercial  alloys  at  20*^  C. 
is  greater,  the  maximum  difference  being  4.7  in  both  cases  as  between 
the  two  commercial  alloys  and  between  the  commercial  alloys  and  the 
Bureau  of  Standards  alloys.  The  differences  at  100®  C.  are  not  so 
marked  and  are  probably  all  within  experimental  error. 

Thermal  Analysis. 
Inverse  rate  cooling  curves  were  made  on  the  twelve  alloys 
prepared  at  the  Bureau  of  Standards.  The  temperatures  of  primary 
solidification  or  complete  liquation  and  the  freezing  points  are  given 
in  Table  III.  The  temperatures  of  complete  liquation  given  are 
approximate  only  because  the  change  in  slope  of  the  cooling  curve 
at  the  temperature  of  primary  solidification  is  gradual  and  not  sharp 
like  a  eutectic  arrest,  making  it  very  difficult  to  determine  the  exact 
temperature  at  which  there  is  a  change  in  the  slope  of  the  curve. 

Miscellaneous  Tests. 

Compression  Tests. — Compression  tests  were  made  at  20°  C.  on 
specimens  3  in.  in  length  by  1  in.  in  diameter  in  order  to  determine 
the  effect  of  size  of  specimen,  keeping  other  factors  constant,  particu- 
larly the  ratio  of  length  to  diameter,  on  the  yield  point  and  ultimate 
strength  values. 

The  results  obtained  were  substantially  the  same  as  obtained  on 
the  small  size  specimens,  but  it  was  much  easier  to  align  the  smaller 
specimen  in  the  testing  machine  and  to  obtain  check  results. 

Brinell  Hardness  at  100-Kg. — Brinell  hardness  tests  using  a  100-kg. 
load  were  made  on  all  the  twelve  alloy  specimens  prepared  at  the 
Bureau  on  which  the  500-kg.  load  tests  were  made,  the  impressions 
of  the  100-kg.  load  being  made  at  points  midway  between  the  500-kg. 
tests.  The  100-kg.  load  was  obtained  on  a  Rociwell  hardness  tester, 
the  diameter  of  impression  being  measured  and  the  hardness  calcu- 
lated by  the  usual  formula.  The  results  obtained  are  given  in  the 
following  table: 
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Brinbll  Hardnkss 
Alloy  No.  100  kg.  500  kg. 

1 18.2  17.2 

2 24. 6  24. 3 

3 29. 4  27. 2 

4. ,  24. 8  24. 3 

5 23.8  22.3 

6 23.0  20.8 

7 24. 2  22. 7 

8 21.0  19.8 

9 ' 19.6  19. 1 

10 17.6  17.3 

11 15.8  15.0 

12 15.8  14.6 

It  will  be  noted  that  the  hardness  values  obtained  using  a  100-kg. 
load  are  slightly  but  consistently  higher  than  the  values  obtained 
using  a  500-kg.  load.  Intermediate  loads  would  probably  give  inter- 
mediate values. 

Conclusions. 

In  the  tin  base  alloys  the  difference  in  physical  properties  is 
greater  at  normal  temperature  than  at  100^  C. 

The  lead  base  alloys  in  general  have  lower  compressive  strength. 

The  presence  of  lead  in  an  alloy  causes  a  more  rapid  softening 
with  increasing  temperature. 

The  allojrs  made  under  commercial  conditions  have  in  general  at 
normal  temperatures  a  higher  Brinell  hardness  than  the  alloys  pre- 
pared from  pure  metals  under  laboratory  conditions. 

A  cylindrical  compression  test  specimen  3  in.  in  length  by  1  in. 
in  diameter  gives  the  same  results  as  the  1}  by  ^-in.  specimen  but  the 
smaller  specimen  is  easier  to  handle  and  gives  more  consistent  results. 

The  Brinell  hardness  tests  using  a  100-kg.  load  give  results  which 
are  sUghtly  but  consistently  higher  than  values  obtained  using  a 
500-kg.  load.  This  indicates  that  all  loads  between  100  kg.  and 
500  kg.  should  give  results  comparable  with  the  500-kg.  load  usually 
used. 

Acknowledgment  is  made  to  R.  W.  Woodward  under  whose 
supervision  much  of  the  work  was  carried  out  and  to  Paul  F»  Brandt 
who  made  most  of  the  physical  tests. 
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ANALYSES  ILLUSTRATING  THE  IMPORTANCE  OF  THE 
PROPER  SAMPLING  OF  MATERIAL. 

By  G.  E.  F.  Ltjndell.1 

The  following  analyses  were  the  result  of  correspondence  in  June, 
1919,  with  H.  E.  Smith,  who  was  then  with  the  Railroad  Adminis- 
tration and  was  having  difficulty  in  getting  concordant  analyses  by 
different  chemists  working  on  the  same  sample.  A  journal  bearing  was 
sampled  on  the  milling  machine  and  the  chips  then  thoroughly  mixed 
and  sieved  to  get  the  four  lots  analyzed  below: 

Sob  or  Pakticli8. 
20  TO  30-     30TO80-      90-man        Dbsimd       PBnfnsiBLS 

20-MiaB  MBSH.  MBSH.  TO  DUST.     COMPOaTION.      VaSIATION. 

Copper,  per ceat..  70.00         70.2  67.6  63.2  70  ^^1.50 

Lead,  per  cent....    24.4         24.1  27.9  31.2  25  ^^1.50 

Tin,  per  cent 4.9  4.9  4.7  4.4  5  >ii0.50 

Other  elements  not  determined. 

The  data  show  that  very  large  errors  are  possible  in  the  analjrsis 
of  material  composed  of  coarse  to  very  fine  particles,  unless  great  care 
is  taken  in  selecting  the  small  weighed  sample  for  analysis.  These 
errors  are  apart  from  those  which  may  be  introduced  through  careless 
sampling  of  segregated  material 

On  acount  of  the  difficulty  in  properly  sampling  for  small  weights 
of  a  heavy  material  of  coarse  to  fine  partides,  detailed  directions  should 
be  given  for  sampling,  which  should  preferably  aim  at  obtaining  chips 
of  uniform  mesh. 

^  Chemist,  U.  S.  Bureau  of  SUadards.  Washington,  D.  C. 
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A  LIST  OF  ALLOYS. 
By  William  Campbell.^ 

In  order  to  show  the  difficulties  which  are  met  with  when  an 
attempt  is  made  to  formulate  a  logical  and  scientific  classification  of 
alloys,  the  following  list  of  alloys  has  been  compiled. 

The  subject  of  nomenclature  is  one  of  some  difficulty.  Brass 
has  been  defined  as  an  alloy  of  copper  with  zinc  as  the  principal  allojring 
metal,  whereas  bronze  is  a  copper  alloy  in  which  tin  is  the  chief  added 
element,  and  yet  it  is  the  custom  to  call  red  brass  by  the  name  of 
"bronze."  Again,  Tobin  "bronze,"  manganese  "bronze,"  etc.,  are, 
properly  i^)eaking,  brasses. 

While  this  Ust  is  primarily  one  of  non-ferrous  alloys,  there  have 
been  added  a  few  examples  of  what  are,  properly  speaking,  iron  alloys 
(in  contra-distinction  to  steel)  in  which  the  properties  are  dependent 
on  the  added  elements,  as,  for  example,  in  the  list  of  non-corrosive 
alloys  and  of  the  heat-resisting  alloys  as  well  as  those  used  for  resist- 
ance purposes. 

It  often  happens  that  when  a  new  alloy  is  brought  out  its  com- 
position is  apparently  new,  but  on  referring  to  some  of  the  older  books 
on  metals  and  allojrs  we  find  it  mentioned  imder  another  name. 
Niunerous  alloys  can  be  found  in  such  works  as  Bischoff  (1865),  Berlin; 
Bolley  (1869),  Paris;  Guettier  (Fesquet);  Thurston  (Part  3);  Law's 
Alloys;  R.  A.  Wood's  "The  Waterbury  Book  of  Alloys,"  etc. 

In  1911,  Kaiser  published  a  very  complete  list  of  metals  and 
alloys  in  MetaUurgie  (1911),  Vol.  VUI,  pp.  257,  296. 

In  1918,  the  Metal  Industry  of  London  published  a  small  booklet 
entitled  "Metals  and  Alloys"  which  covered  Kaiser's  list  with  some 
few  additions. 

While  both  of  these  lists  are  useful  in  that  they  are  arranged 
alphabetically,  for  our  purpose  an  arrangement  by  groups  is  better  in 
that  it  shows  the  wide  variations  in  composition  in  many  of  our  com- 
mercial alloys.  In  the  accompanying  list,  therefore,  this  method  has 
been  followed,  using  Kaiser's  list  as  a  basis  and  adding  to  it  such  other 
alloys  as  have  been  found  in  the  literature  or  met  with  in  practice. 

>  Prof  ■MM  of  MeUQursTt  School  of  Minot.  Coliimbi«  UiiiTenitx. 
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The  arrangement  of  groups  is  as  indicated  below,  the  page  ntimbet 
on  which  each  group  may  be  found  being  included  for  easy  reference, 

PAGB 

Brasses 215 

Bronzes 219 

Copper  Nickel  Alloys 224 

Nickel  Silver  (Asciroide,  Alfenide,  Ai^gentan,  Arguzoid,  Argyrolith,  Electrum, 
Neusilber,  Nickelin,  Maillechort,  Packfong,  Sterlin,  Tutenag,  White  Copper, 

etc.) 224 

Aluminum  Bronzes,  etc 227 

Copper  Manganese  Alloys 228 

Aluminum  Alloys 229 

Tin  Base  Alloys 232 

I-.ead  Base  Alloys 234 

Zinc  Base  Alloys 236 

Fusible  Metals 237 

Gold  Alloys 238 

Silver  Alloys 239 

Platinum,  etc 239 

Resistance  Alloys 239 

Heat  Resisting 241 

Non-Corrosive  Alloys 241 

It  is  realized  that  this  list  is  incomplete  and  additions  or  correc- 
tions will  be  very  welcome. 
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Cu 

Admiralty,  A 70. 

Aitch  Metal 60. 

Aluminum  Brass 63 . 

Anvil  Brass 62.50 

Arko 80. 

AugsbuxK 71 .9 

Austrian  Journal  Box 92 .5 

Bath  Metal '. 55. 

Bath  Metal 83. 

Battery  Copper 94.00 

Bell  Brass 64.25 

Belt  Lace 62.00 

Best  Bronse 90.00 

Blndinsr  Brass 63.25 

Birmingham  Platina 46.6 

Bismuth  Brass 47. 

Blatt  Gold 77. 

Block  Brass 66.50 

Bobierre  Metal 66. 

Bobierre  Metal 58 .2 

Bow  Wire 93 .00 

Brazing  Metal.  P 85. 

Brazing  Brass 75 .00 

Bright  Cap  Gilding 89.75 

Bristol 75.7 

Bristol 67.2 

Bristol 60.8 

Bronze  Powder 84.0 

Brush  Wire 64.25 

Buckle  Brass 65 .00 

Bullet  Brass 90. 

Burr  Brass 62.00 

Burr  Metal 90.00 

Butt  Brass 65 .50 

Butt  Brass 63.50 

Button  Brass 89.50 

Button  Metal 43 . 

Button  Metal,  Ludensheidt 20. 

Buttons  (Thurstonj : 

Bristol  Alloy 57 .9 

Bristol  Alloy 61 .12 

Jackson's  Alloy 63 .88 

Jackson's  Alloy 63 .01 

"Bidery" 48.50 

"Gold" '  58.71 

Cap  Gilding 90.00 

Cartridge  Brass 66.67 

Cartridge  Brass 68.00 

Cartridge  Brass 70.00 

Cartridge  Gilding .  .  .' 93.00 

Chamet  Bronze 62 . 

Check  Brass 62. 

Chrysokalk 90.5 

Chrysokalk 58.7 

Chrysorin 72 . 

Chrysorin 66.7 

Chrysorin 63 .3 

Clinching  Screw  Wire 69 . 

Clock  Brass 62.50 

Collet  Brass 6 1 .  oo 


BRASSES. 

Zn 

Sn 

Pb         P« 

Other  Elbments 

29. 

1. 

38.2 

1.5 

33.3 

Al.3.3;  Si.  0.3 

37.50 

20. 

27.6 

7.5 

45. 

17. 

6.00 

35.00 

0.75 

38.00 

10.00 

35.00 

1.75 

53.15 

....       C 

).2i 

21. 

Ni.30.9;  Bi.0.1 

23. 

32.00 

1.50 

34. 

41.7 

2.00 

5.00 

15. 

25.00 

9.87 

0.38 

24.3 

32.8 

39.2 

16.0 

35. 

0.75 

35. 

9. 

38.00 

10.00 

33.50 

1. 

35.50 

1. 

10.00 

0.50 

37. 

80. 

36.8 

5.3 

36.11 

2.77 

30.55 

5.55 

33.61 

1.39 

33.32 

6.06 

12.15 

33.03 

5.50 

2.75 

10.00 

33.33 

32.00 

30.00 

.... 

7.00 

38. 

38. 

7.9 

1.6 

40.2 

1.1 

28. 

.... 

33.3 

36.7 

29.50 

1.50 

35.75 

1.75 

36.50 

2.50 
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BRASSES  iCoHiinugd). 


Cu 


Zn 


Sn 


Pb 


Pb 


Othbb  Elbmbnts 


Commercial  Bronze 90.00 

Commercial  Brass,  B-r 63 . 

Commercial  Castings,  B-c 62 . 

Common  Brass 65 . 

Cuivre  Poli 70. 

Cymbal  Metal 78. 

Delators  Metal 80. 

Delta  Metal 53. 1 

DelU  Krupp 55.^4 

DelU  Krupp 55 .8 

Delta  Krupp 55.82 

Delta  Krupp 54.22 

Diaphragm  Brass 95 .00 

Dipping  Brass 66.66 

Door  Plate  Brass..... 65. 

Door  Plate  Brass 63 . 

Doctor  Metal 88. 

Drawing  Brass,  Deep 70. 

Drawing  Brass 66.67 

Drill  Rod '62. 

Durana 65. 

Dutch  Metal 76. 

Electrical  Brass  Castings,  B.  E . .  84. 

English 70.3 

Engravers'  Brass 66 . 

Escutcheon  Pin  Brass 64.50 

Eyelet  Brass 68. 

Eyelet  Brass 65 . 

Fan  Blades 61 .50 

Flush  Plate 65.75 

Fob  Metal 87.50 

Forbes  Metal  (Button; 46 .5 

Forgings 60. 

Forgings 57 . 

Forgings,  Russian 53 .5 

Fourdrinier  Wire 84.63 

Pourdrinier  Wire 80. 

Free  Cutting  Bronze 88.50 

Gedges  Metal 60. 

Gold  Leaf  Metal 84. 

Gold  Leaf 66-80 

Gold  Leaf  Jemmapes 64 .6 

Gold  Leaf  Aix 64.8 

Gong  Metal 78. 

Grommet  Brass 70. 

Guettier's  Button 56. 

Guettier't  Button 61 .5 

Guettier's  Button 61 .4 

Hamilton  Metal 66.7 

Halbcrland  Alloy 87. 

Hardware  Bronze 88 . 

Hardware  Bronze 88 . 

Harlington  Bronze 55 .7 

Harmonia  Bronze 57 . 

Harmonia  Bronze 55 .7 

Helmet  Bronze 70 . 

Helmet  Metal 72.27 

Hooker  Brass 61 . 

Iserlohn,  Cast 63.7 

Jewelers  Metal 91 .50 


10.00 

.... 

.... 

37. 

.... 

30. 

6. 

35. 

.... 

.... 

30. 

.... 

22. 

.... 

.... 

18. 

.... 

.... 

Mn:2.0 

43.5 

.... 

0.37 

1.08      P.O.l 

41.61 

.... 

0.72      0.87      Mn.  0.81;  P.  0.013 

40.07 

.... 

1.82 

1.28       Mn.0.96 

41.41 

.... 

0.76      0.86       Mn.  1.38 

42.25 

1.10      0.99      Mn.  1.09 

2.00 

3. 

.... 

33.34 

.... 

.... 

35. 

.... 

35. 

.... 

2.00 

9.50 

2.50 

.... 

30. 

.... 

.... 

33.33 

«... 

.... 

35.50 

2.50 

30. 

2. 

.... 

1.5 

Al.  1.5 

24. 

.... 

.... 

13. 

3. 

.... 

29.3 

0.17 

0.26 

33. 

.... 

1.00 

35.07 

.... 

0.43 

32. 

.... 

35. 

.... 

.... 

37.00 

.... 

1.50 

32.75 

.... 

1.50 

12.00 

0.50 

.... 

53.5 

.... 

.... 

40. 

.... 

.... 

43. 

.... 

42. 

.... 

.... 

Mn.4.5 

15. 

0.37 

.... 

20. 

.... 

.... 

10.00 

.... 

1.50 

38.5 

.... 

.... 

1.5 

16. 

. .  •  • 

.... 

34-20 

.... 

.... 

33.7 

1.4 

0.2 

32.8 

2.0 

0.4 

22. 

•  •  ■• 

• .  •• 

30. 

■  ■  * . 

.... 

44. 

.... 

32. 

6.5 

.... 

28,9 

9.7 

.... 

33.3 

.... 

13. 

.... 

.... 

12. 

.... 

.... 

9.50 

1.50 

1.00 

42.7 

0.97 

....    ( 

).51 

J 

40. 

.... 

0.4 

L.8 

41.2 

0.5 

0.46 

l.2< 

)      Al.0.86 

30. 

.... 

.... 

27.58 

.... 

.... 

37. 

.... 

2.00 

33.5 

2.5 

0.3 

6.50 

2.00 

.... 
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BRASSES  (Continued). 


Cu 


Zn 


Sn 


Pb 


Fb 


Othbb  Blbmbnts 


Jewelers  Metal 90. 

Jewelers  Metal ta. 

Jewelers  Metal • 88. 

Jewelers  Metal 87 .50 

Jewelers  Metal 91. 

Kick  Plate  Brass 84. 

Lancashire  Brass 73 . 

Leaded  Bronse 88.50 

Low  Brass 80.00 

Machinery  Brass 83 . 

Mallet  Alloy 25 .4 

Manganese  Brass 69.5 

Manganese  Brass 60.15 

Manganese  Brass 55.4 

Manganese  Brass 55.0 

Manganese  Brass 54.2 

Manganese  Brass 85 . 

Manganese  Brass 80. 

Manganese  Brass 75 .5 

Manganese  Brass 60. 

Mn  Ni  Brass 65. 

MnNi  Brass 59. 

Mn  Ni  Brass 63.5 

MnNi  Brass 51.15 

MnNi  Brass 53.5 

Mn-Bronse,  Rolled.  Mn-r .. .  59. 

Mn-Bronze,  Cast.  Mn-c 58 . 

Manganin 53.4 

Manheim  Gold 89.4 

ManheimGold 83.7 

Manheim  Gold 88. 

ManheimGold 80. 

Market  Brass 65. 

Matrix  Brass 62. 

Medal  Metal 84.00 

Mosaic  Gold 63. 

Mtmts  Metal 60. 

Naval  Brass,  N-c 61 . 

Neustadt,  Drawn 71 .5 

Nickel  Brass 54.1 

Oker,  Cast 71.9 

Oker  Brass  (Harzj 64.24 

Optical  Bronze 89.00 

Oreide 87 .  25 

Oreide 90. 

Oreide 85.5 

Oreide 80.5 

Oreide.  Brunswick. 68.21 

Parson's  Mn  Bronze' 60. 15 

Pen  Metal 85.00 

Percussion  Cap 95 .00 

Pewter  i  ilinrston): 

Bertluer's  Alloy 71.9 

Cast  and  worked 64.2 

Cast  and  worked 61 .6 

Cast  gilt 63.7 

Cast  gilt 64.5 

For  dock  work 60.66 

For  clock  work 60.06 

PteehlMck 9J.6 


10. 

, . . , 

17. 

.... 

11.25 

0.75 

T2. 

0.50 

7.50 

1.50 

15. 

.... 

1.00   .... 

25. 

2.00   .... 

10.00 

1.50   .... 

20.00 

.... 

16. 

.... 

74.6 

.... 

29.5 

.... 

Mn.  1.0 

34.76 

0.94   < 

3.3! 

}       1.19 

Mn.  2.34;  Al.  0.2 

39.96 

1.6 

Mn.3.20;  Al.0.2 

39.5 

0.7 

Mn.4.3;  Al.0.5 

38.2 

2.4 

Mn.4.4;  Ni,0.5 

2.0 

.... 

1.83 

Mn.  10.91 

5. 

.... 

.... 

Mn.  15. 

8. 

.... 

Mn.  16.5 

15. 

.... 

Mn.  25. 

5. 

.... 

.... 

Mn.20.;  Ni.  10. 

20. 

, . 

.... 

Mn.3:  Ni.  18 

28.28 

1.22   ( 

).i: 

r   1.44 

Mn.3.24;  Ni.  2.14 

40. 

.... 

2.25 

Mn.4.15;  Ni.2.2;  Al,0.25 

39. 

.07 

2.78 

Mn.  1.52;  Ni.2.35 

30.7 

1. 

• .  ■  • 

Mn.0.3 

40. 

.... 

.... 

Mn.2. 

39. 

2.66 

, , 

.... 

Ni,2.5;  Mn.  1.7;  Al.0.2 

9.92 

0.62 

.... 

9.3 

7. 

5  per  cent  of  Phos.  Tin 

12. 

.... 

.... 

20. 

.... 

, , 

.... 

35. 

.... 

, , 

.... 

36.50 

.... 

l.5( 

•   .... 

16.00 

.... 

, , 

.... 

35. 

.... 

40. 

.... 

38. 

.... 

28.5 

«... 

, . 

.... 

43.66 

0.5 

Ni.  1 .5 

24.4 

....   1 

.1 

2.32 

37.27 

0.59   ( 

).12 

t       .... 

6.50 

4.50 

, , , 

.... 

11.50 

1.25 

.... 

10. 

.... 

•  •  1 

.... 

14.5 

.... 

•  ■  ■ 

.... 

14.5 

4.85   ( 

>.l 

.... 

31.52 

0.48 

•  •  • 

.... 

34.76 

0.94   ( 

).X 

»   1.19 

Mn,  2.34;  Al,0.23 

13.00 

2.00 

... 

.... 

5.00 

.... 

.... 

24.9 

1.2   : 

J.O 

34.6 

0.2   : 

l.O 

35.3 

0.6 

2.5 

33.5 

2.5    ( 

3.3 

32.4 

0.2   : 

2.9 

.... 

36.88 

1.35   < 

}.7i 

\       .... 

31.46 

1.43   ( 

>.8I 

\       .... 

6.4 

.... 

.  * . 

« .  • . 
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BRASSES  (Continued). 
Cv 


Pinchbeck 88.8 

Pinchbeck 83 .33 

Pin  Wire 61.00 

Platine 43. 

Potinjaone 71 .9 

Primer  Gilding 97 .00 

Prince's  Metal 83. 

Prince's  Metal 75 . 

Prince's  Metal 60.8 

Reed  Brass 69.00 

Rich  Gold  Metal 90.00 

Rich  Low  Brass 85 .00 

Rule  Brass 62.50 

Rubel  Metal 55. 

Rubel  Metal 51. 


Russian,  Cast 78. 

Russian,  Cast 70. 

Russian,  Cast 66.6 

Screen  Plates 58.00 

Screw  Bronze 93 .50 

Screw  Brass 78. 

Screw  Wire 62.00 

Seamless  Tubing 60.00 

Seamless  Tubing 61 .50 

Solder,  Hard 57. 

Solder.  Hard 50. 

Solder.  White 40. 

Solder  (Thurston) : 

Yellow,  Hard 53 .30 

Nearly  White.  Soft 44. 

White,  Very  Soft 57.44 

Sheet: 

Stollberg 64.8 

Jamappes 64.6 

Rosthom-Wiln 68.1 

Okerl 69. 

Oker 55. 

laerlohn 70. 1 

Romilly 70.1 

China 56.6 

Japan 66.6 

Hegermuhl 72 .  16 

Hegermuhl 72 . 

Hegermuhl 62 . 

Hegermuhl 62 . 

Shell  Head  Brass 75.00 

Shoe  Nail  Brass 63.00 

Shoe  Tip  Metal 8800 

Similor 89 .4 

Similor 83 .7 

Similor 80. 

Spring  Brass 72 .00 

Spring  Brass 66.67 

Sterro  Metal 60. 

Sterro  MeUl 55 . 

Sterro  Metal 55 .5 

S^rroMeW W.3 


Zn 

Sn 

Pb 

Pb 

Other  Blbmbnts 

11.2 



16.76 

. . .  ■ 

39.00 

.... 

• . .  ■ 

57. 

>  * .  • 

•  •  • » 

24.9 

1.2 

2.0 

3.00 

.... 

17. 

.... 

25. 

39.2 

30.00 

1.00 



' 

10.00 

15.00 

35.00 

2.50 

40. 

5  per  cent  of  Al-Fe-Mn-Ni 
Alloy 

40. 

.... 

5  per  cent  of  Al-Fe-Mn-Ni 
Alloy  and  4  per  cent  of 

21. 

1. 

.... 

30. 

.... 

33.4 

' 

41.00 

0.75 

0.25 

5.00 

1.00 

0.50 

16. 

4.5 

1.5 

38.00 

40. 



38.50 

43. 

50. 

60. 

43.10 

1.30 

0.30 

49.90 

3.30 

1.20 

27.98 

14.58 

32.8 

0.4 

2.0 

33.7 

0.2 

1.4 

31.9 

.... 

29.S 

0.97 

44.5 

0.5 

.... 

29.9 

.... 

.... 

29.26 

0.17 

0,28 

' 

38.2 

3.3 

1.0 

1.40 

33.4 

27.45 

0.2 

0.79 

27. 

1. 

.... 

37. 

0.5 

0.5 

37. 

1. 

25.00 

.... 

37.00 

12.00 

9.93 

0.6 

.... 

9.3 

7.0 

.... 

20. 

.... 

28.00 

•  • .  • 

33.33 

.... 

• .  •  ■ 

38.2 

.... 

.... 

1.8 

42.4 

0.83 

.... 

1.8 

42. 

.... 

2.5 

418 

. « «'. 

4.66 
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BRASSES  (Comlinued), 


Zn 


Sn 


Sterling 66.2 

Stirling,  Cast 66.2 

TalmlGold 90. 

Talmi  Gold 86 . 4 

Thurston's 55 . 

Tlsaier's 97. 

Tiasier's 97. 

Tobin  Bronse 60. 

Tobin  Bronze 59. 

Tombac: 

Okier 85.3 

Arcet 82.3 

Ludenscheidt 82 .3 

Red  Vienna 97 .8 

Sheet,  Paris 92. 

Sheet.  Paris 88. 

Sheet,  Paris 84.     . 

Golden 82. 

French 80. 

French 80. 

Cast 87. 

Common 71.5 

Toumay's 82 .54 

Tubes,  etc.: 

German 70. 

German 60. 

Russian 66. 

Russian 59.72 

English 65 . 

Admiralty 70. 

Turbiston's 55 . 

Tungsten  Brass  (Ni.  0. 75; 59.73 

Turbine  Brass 75 .77 

Turbine  Brass 67.35 

Vanadium  Bronze  Vn-c 61 . 

Vanadium  Brass 70. 

Washer  Brass 62.00 

Wheel  Brass 68.00 

Wire 70.29 

Wire.  English 70.29 

Wire,  Augsburg 71 .89 

Wire,  Common 65 .4 


Cu 

Add  Bronze 88.00 

Add  Bronze 82.00 

Add  Bronze 84.00 

Ajaz  Plastic 64.00 

Ajax  Phosphor 79.30 

Allan  Red  Metal 50.00 

Allan  Red  Bronze 62.50 

Amax  Metal 81 .30 

Argental 85 .00 

Argozoil 54 . 

Arsenic 79.7 


33.1 

.  •  < . 

33.11 

.... 

0.02 

8.92 

.... 

12.2 

1.1 

44.5 

0.5 

2.0 

0.5 

2.0 

.... 

38. 

2. 

39. 

2. 

14.7 

17.7 

.... 

17.5 

2.2 

.... 

8. 

.... 

12. 

.... 

16. 



17.5 

0.5 

17. 

3. 

20. 

13. 

.... 

28.5 

.... 

17.46 

.... 

30. 

40. 

;  ,  ,  , 

34. 

38.62 

0.16 

0.34 

35. 

29. 

1.0 

41. 

33.97 

0.15 

24.07 

32.02 

0.23 

38.5 

29.5 

38.00 

.... 

30.00 

.... 

2.00 

29.26 

0.17 

0.28 

29.36 

0.28 

0.17 

27.33 

.... 

0.85 

34.6 

.... 



BRONZES. 

Sn 

Zn 

Pb 

10.00 

2.00 

8.00 

2.00 

8.00 

9.50 

6.30 

5.00 

30.00 

10.00 

10.00 
50.00 

7.50 

30.00 

11.00 

7.40 

10.00 



2. 

28.00 

2. 

10.00 

.... 

9.50 

Pb  Pb 
0.7 
0.66 


0.3 


Othbk  Blbmbnts 


Au.0.91 


0.84 


0.38 


As.  1 .0  . 


Ni.2;  Al.  1.0;  Mn.0.16 
Al.  2.8;  W.2.;    Mn.0.7 


Vs.  0.5 
Va,0.5 


0.20 


0.7 


0.3 


Othbr  Blbmbnts 


Ni.  1. 


S.  0.25 


Co.  5.0 
Ni.  14.0 
As,  0.8 
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BROl^ZBS(OmHnmd). 


Automobile. 


Various. 


Cv  Sn         Zn 

Bearing  Bronxe  (Kaiaer; : 

Locomotive 74.  10.         9. 

Pnudan 84.  15.         1. 

Belgian 80.  16 

Ptench  (Northern) 82.  10.         8. 

Rufldan 77.  10.2       5.1 

Railroad  Cars 82.  18 

RaiboadCars 84.  16 

RaiboadCars 75.  20.         5. 

Rheinland 86.  12.         2. 

B.B.D.,  Breslau 88.  10.         2. 

B.B.D..  Berlin 90.  10 

Automobile 88 .  8 .  — 

Automobile 78 .  8 .  1 . 

80.  10 

83.  14.  2. 

83.7  14.2        2.1 

85.5  12.8        1.7 

83.  12.  5. 

85.  11.  4. 
74.5  9.5        8.9 

77.  9.         14. 
83.7  8.8        7.5 

84.  8 

81.  7.  3. 

78.  7 

70.  6.5        2. 

86.  6.  5. 
72.4  4.7       29.9 

.75.  4.         21. 

Bearings  of  Engines 79.  8 .         5 .0 

Bearings  and  Valves 80.  16. 

Bell  Metal 75-80  25-20 

"Best" 78.  22. 

Reichenhall,  600  years 76.2  23 .8 

ReichenhftU.  300  years 80.  20. 

Old  Bell  at  Rouen 71.  26.  1.8 

Damstadt 73.94  21.67 

Damstadt 72.52  21 .06 

Musical 84.  16. 

House 80.  20. 

Qock 75 .  25 . 

Herbohn 60.  35.  5.0 

Herbohn 71.43  26.4       2.7 

Karakane 71.42  14.2 

Karakane 70.  19.         3. 

Karakane 65.95  17.25      3.45 

Karakane 64.  24.         9. 

Karakane 62.5  25.         9.4 

Karakane 61.  18.         6. 

Bilgen-Bronze 97.32  1.89      .... 

Bridge  Bronze  A 80.  20 

Bridge  Bronze  B 85.  15 

Bridge  Bronze  C 80.  10 

Bridge  Bronze  D 88.  10.         2. 

Bismuth  Bronze 53 .  15.        20. 

Brasses 74.4  9.5        8.9 

Brasses 70.  10.        10. 

Brasses 74.  1.0      10. 

Bushings , 86.2  10.2        3.6 


Pb 

7. 

2.0 

7.7 


3. 
12. 
8. 


8. 
9. 
15. 
1.5 

1.5 

8.0 
2. 


.2 
2.11 
2.14 


14.3 
8. 
10.35 


12. 
0.24 


10. 


7.1 
10. 
15. 


Onna  BLSusim 


b.2. 


5  per  cent  of  P  Sn 

1  per  cent  of  P  Sn 

1  per  cent  of  P  So 

2  per  cent  of  P  Sn 


Mn.2.7 


Sb,0.2 


Pe.0.19;  Ni,2. 
Pe.0.OS;  Ni.  2.66 


0-1 
0.7- 


25 


Pe.3.0 
Pe.3.1 
Fe.3.0 
Fe.0.52 


Ni.  10.;  Al,  1.;  Bi.  I. 
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BRONZES  (OmHnmd). 


Cu  Sn 

Biishings 85.  11. 

Camelia 70.4  4.2 

Carbon 75.4  .9.7 

Carriage  Wheel  Bearing 84.  16. 

Chinese 72.5  4.7 

Chinese 74.  1.0 

Cocks 88.  10-8. 

Cogs  and  Worms 85.  11. 

Coinage 95.  4. 

Cooper's  Speculum 57.8  27.3 

Cornish 77.8  9.6 

Damascus 77.  10.5 

Damar 76 .4  10.6 

Daimler  Bearing 76.  3. 

Dudley's  B 77.  8. 

Dudley's  K 77.  10.5 

Dudley's  Phosphor. 79.7  10. 

Dui«na 65.  2. 

Dysoid 62.  10. 

Bdward's  Speculimi 63.3  32.2 

Bdward's Speculum 69.8  25.1 

Bisen-Brqnze 82.5  8.55 

Eislcrs 94.1  5.9 

Bccsntric  Rang 84.  14. 

FileBronae 64.4  18. 

File  Metal  (Genfer) 64.4  18. 

Pile  Metal  (Genfer; 62.  20. 

PUe  Metal  (Vogel; 73.  19. 

Pile  Metal 61.5  31. 

Pile  Metal 51.  28.5 

Flange  MetaKGerman; 92.4  2.5 

Flange  Metal  (French) 94.35  5.6 

Gearing 91 .3  8,7 

GearBronse 88.  10. 

GearBronse 85.  13. 

Gears 85.  10. 

Gun  Metal 90.  10. 

French*  Modem 90.1  9.9 

French.  Old 89.44  8.91 

Prussian.  Modem 90.9  9.1. 

Bnglish.  Modem 89.3  10.7 

Rntfish,  Modem 91.74  8.26 

Russian,  Modem 90.8  9.2 

Russian,  1813 88.61  10.7 

Swiss  CLucem) 88.93  10.37 

Cochin  China 77.18  3.42 

Cochin  China 93.19  5.43 

Chinese,  Old 71.16  

Chinese,  1901 93.2  5.05 

Turkish,  1464 95.2  4.31 

Tttrldsh,  1907 90.9  8.8 

Gun  Mount 80.  3. 

Gnmey  Bronse  (Law; 75 .8  9.2 

Gumey's 75.8  9.2 

Hercules 85.5  10. 

High  Temperature 90.7  2.7 

Hydraulic ^.0  10.8 

Instrument 82.  13. 

Iflstrument 82.1  12.8 

Johnson  Locomotive  Bearmg 87.5  7.85 


Zn        Pb 

4 

10.2       14.7 
....     14.5 


14.3 
10. 

2-6. 

4. 

1. 

3.6 


20. 


30. 
10. 

2.6 
4.45 

2. 
10. 
10. 
10. 

8. 

7. 
5.05 


2. 
3. 


18.5 
15. 


12.5 
12.5 

1. 
15. 
12.5 

9.6 

18. 


7.6 

7.6 

8. 

8. 

8.5 

7. 

0.05 


.39      0.16 


0.42 
5.02 


27,36 


17. 

15. 

15. 
2. 
6.3 
6.0 
5. 
5.1 
5.07 


13.22 


Othbr  Blbmbnts 
Fe.0.5 


As,  1 .2;  Ft.  10. 


Al.  1.5;  Fe,  1.5 

As.  1.6 
As.  2.4 

FS.3.95 


Pe.0.69 

Pe.  1.16 
Fe.  1 .38 
Fe,  1 .40 
Pe.  1.72 

Fe,  0.2 


Al.2.5 
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BRONZES  (Conlinued). 

Cu  Sn         Zn        Pb         P  Other  BLBiuirrt 

Kem't  Hydraulic 78.  12.        10 

KochUn's  Bearing 90.  10 

Kuhne  Phosphor  Bronze 78.  10.6        ....    10.45      0.57      Ni.  0.26 

Lafond's  Bronze 83.  15.         1.5       0.5 

Lafond's  Axle  Bearing 80.  18.         2.  

Lafond's  Straps 84.  14.         2 

Lafond's  Pumps 88.  10.         2 

Lafond's  Heavy  Bearing 83.  IS.  1.5       0.5 

Lafond's  Malleable 98.04        1.96      

Lowroff  Phosphor  Bronze 70.  13 16 .  1 . 

Lowroff  Phosphor  Bronze 90.  4.  ....      5 .5        0.5 

Laderig's  Speculum 69.  28.7        

Medal 92.  8 

Medal 97.  l.         2 

McKechnie's 57.  41.  1.  0.5        ....      Fe,  I . 

Manheim  Gold 83.7         7.         9.3        5  per cuit  of  Phos.  Tin 

Manganese  Bronze 82.  8.         5.         3 Mn*2.0 

Manganese  Bronze 83.5  8.         5.         3.  Mn,  0.5 

Mudge's  Speculum 68.82  31.18      

Needle 84.5  8.         5.5       2 

Nongran 87.  11.         2 

Neogen 58.  2.        27 Ni,  12.;  Al,  0^;  Bi.  0.5 

Naval  Gun  Metal,  G 88.  10..       2 

Naval  Journal.  H 83.  13.5        3.5        

Naval  Journal.  HX 83.  13.5        ....      3.5 

Naval  Valve,  M 87.  7.         6 

Naval  Phosphor,  Cast,  P-c 88.  8.  2.5        ....      0.5 

Naval  Phosphor,  Rolled,  P-r 95.  4.5        0.5 

Oil  Cups 85.  5.  7 

Oil  Pump 83.  3.  9 3. 

Ounce  Metal %  .  85.  5.  5.  5 

Ormulu 58.  16.7      23.3         

Ormulu.8mall 94.12  5.88      

Ormulu.  large 90.5  6.5        3.0        

Perking  Brass 76.2  23.8        

Perking  Brass 80.  19.82     0.14      

Phosphor  Bronze: 

Wirt 98.75  1.2         0.05 

Hard 92.8  7 0.2 

Very  Hard ...:..  80.  9 1.0 

Rolling 95.6  4.5         O.l 

Charpy 85.7  12.2  ....      0.4 

Charpy * 84.8  13.4        0.46 

Law 87.6  10.8        1.0 

Law 88.7  9.5         0.7 

Bridge 80.  20 1-0.2 

Bridge 85.  15 1. 

Bearings 83.  14.         2.         l.         l. 

Bushings 79.  10 10.  0.7 

Gears M.  10 2.         O.l 

Gears «3.  13.         2 0.1 

Gears 78.  12 7.5       O.l 

English 79.2  10.2         ....       9.6        0.97 

Pennsylvania  Railroad 79.7  10 9.5       0.8 

Pennsylvania  Railroad  "B" 76.8  8 15.         0.2 

Pennsylvania  Railroad  "B" 85.55  9.85      3.77      0.62      0.05 

Pennsylvania  Railroad  "B" 80.  8.  ....     10.  2  psroeat  of  Phot.  Tia 

Russian 93.7  5.8       0.34      0.17 

Piston  Rings 84.  2.9        8..3        4.3 

Piston.. 83.  1.       16 
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BRONZES  (Continued). 

Cv  Sn         Zn        Pb         P 

Railroad  (Hughes; : 

SUde Valves 84.5       10 5.         0.5 

Injector 84.  8.5        5.  2.5 

Phosphor  Bronze 88.5       10.  0.5 

Axle  Box  Bearing 80.  5 15 

20-Ton  Wagon 60.  5 20 

Railroad  (Thurston; : 

Axle  Bearings.  French 82.  10.         8 

Axle  Bearings.  Common  French. .  78.         20.         2.  

Axle  Bearings,  Lafond 80.  18.         2 

Axle  Bearings.  Hard 87.05       7.88     5.07      

Eccentric  Strap.  Dutch 85.25      12.75      2.0        

Eccentric  Strap,  Lafond 84.  14.  2.0        

Gearing 88.8         8.5        2.7        

Locomotive  Bearings 89.  2.4       7.8        

Locomotive.  German 81.17      ..<.       15.2      14.6        

Locomotive,  Durable 73.5  9.5       9.5        7.5        — 

Pistons  and  Rods 74.1         3.7      22.2        

Richardson's  Speculum 65 .3       30.         0.7        

Roman  Bronze 90.  9 .  

Rots'AUoy 68.2       31.8        

Sallit's  Speculum 64.6       31.3        

Sheet  Bronze 90.  10 

Sheet  Phosphor 94.5         5.0        

Sheet  Phosphor 95.  4 

Sashchain 92.  8 

Sashchain 95 .  5 .  

Screw-Nut 86.  11.4       2.3        

SUde  Valve 88.5         2.5        9 

Steam  Fittings 88.  8.  2.  2 

Silicon  Bronze 98.55        1 .45       

Silicon  Bronze 91 ,  9 .  

Statuary  Bronze: 

Column  Vendome 89.2        10.2        0.5        O.l         

Column  of  July,  Paris 91.4  1.6        5.6        1.4 

Napoleon  I.  Paris !  75.0  3.0      20.         2.0 

Henry  IV,  Paris 89.62  5.7        4.2        0.48      .... 

ouis  XIV,  Paris  (1699) 91.4  1.7        5.53      1.37       .... 

The  Shepherd.  Potsdam 88.68  9.2        1.28      0.77       .... 

Bacchus,  Potsdam 89.34  7.5        1.63      1.21      0.18 

Germanicus.  Potsdam  (1820; 89.78  6.16      2.35      1.33      .... 

Mars  and  Venus,  Munich 94.12  4.77      0.3        0.67       .... 

Bavaria.  Munich 91.55  1.77      5.5        1.3 

Munich 92.88  4.18      0.44      2.31      0.15 

Munich 77.03  0.91     19.12      2.29      0.12 

Aussburg 89.43  8.17       ....       1.05      0.34 

AuflfSburg 94.74  1.64      0.54      6.24 

Grosser  Kuifurst.  Berlin 89.09  5.82      1.64      2.62      0.13 

Frederick  the  Great.  Berlin 88.3  1 .4       9.5       0.7 

Melanchton,  Wittenberg 89.55        2.99      7 .45       

Speculum,  Cu«Sn 68.25      31.75       

Speculum.  English 66 .6     -  33 .4        

SpeculuAi,  Chinese 80.8        10.7        

Speculum,  Chinese  (Elsnerj 80.8  

Schmidt  Locomotive  Bearing 86.         14 

Seraing  Bearing 86.         14 

Seraang  Piston  Rings 89.  2.     '     9.  

Stephenson.  Locomotive  Bearing .. .  79.5         7.5        5.0       8.0        

Stephenson.  Piston  Rings 84.  2.9        8.3        4.3        

Stone's  Encash  Gear 89.  11 


OnncR  Blsmbnts 


Pe.0.8 
Fe.  0.9 
Pe,0.5 

As.  2.0;  Si.  2. 


Ni.4.1 

0.5  per  cent  of  Phos.  Tin 
1 .0  per  cent  of  Phos.  Tin 


Si.  0.05 
Si.O  05 


Ni.0.27 
Ni.  0.48 


Ni.0.43 
Ni.0.19 
Ni.0.71 


Sb.8.5 
Pb,'9.1;  Sb.  8 


Pe.0.4 
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BRONZES  (CotUintud). 
Cv  Sn         Zn        Pb 

Telegraph  Bronze 80.  5.  7.5        7.S 

Tungsten  Bronae 90.  

TinBronae 89.  11 

Uchatius  Bronze 92.  8 .  

Ukony 65.  35. 

Valves 85.  9.  6. 

Valve  Bronze 89.  5.         3.         3. 

Valve  Bronze 83.  4.         7.         6. 

Valve.Steam 88.  10.  2. 

Weights 90.  8.  2. 

Whistles 80.  18.  2. 

Whistles.  Lafond 81.  16.         2. 

Whistles,  Lafond 80.  18 

Wire 98.75        1.2        


Othsr  Elskbnts 


W.  10. 


Sb.2.0 


0.05 


cower-nickel  alloys. 

Cu  Ni 

Locomotive  Tubes 97 .  3 . 

Driving  Bands,  Sheet 95.  5. 

Benedict  Metal,  Sheet,  Tubes 86-84  14-16 

Blanko-Blech 80.  20. 

Cupro-nickel.  Sheet 81-79  19-21 

Imperial  Metal 80.  20. 

Turbine  Material 79-81  21-19 

Coinage 75.  25. 

Constantin,  Resistance 60.  40. 

Constantin,  Resistance 54 .  45 . 

Ingots  for  Nickel  Silver 50.  50. 

Mon^  Metal,  cast 28 .  68. 

Monel  Metal,  forged 28.  68. 


Otrkr  BLnciifra, 


Pc,  0.75 


Mn,  1 .0 

Fe.  2.;Si,  1.;  Mn.  0.25 
Pe.2.;  Mn, 1. 5;  Si. 0.20 


NICKEL  SILVER. 
CAgiroide,  Alfenide,  Argentan.  Arguzoid,  Argyrolith.  Electrum,  Neusilberg,  Nicloelin,  Maille- 
chort,  Packfong,  Sterlin.  Tutenag,  White  Copper,  etc.) 

Cu 

Albatra  Metal 57.5 

Ambrac 74.5 

Argentan: 

Sheet 40-65 

Chinese 40.4 

French 50.32 

Berlin 55.5 

'N^enna 55.6 

English 63 .  36 

Russian 63.88 

Castings.  Berlin 48.32 

Castings,  Russian 57 .52 

Solder 35. 

Alpakka 63.94 

Aluminum  Silver.* 57 . 

American  Silver.  Cast 49 .36 

American  Silver,  Cast 57 .7 

American  Silver,  Cast 59. 11 

Aphit 70. 

Aphit 75.1 

Arguzoid 55.78 


Zn 

Ni 

Fb 

Sn 

Pb 

Othbb  BunfBNTB 

22.5 

18.75 

.... 

1.25 

5.0 

20.0 

.... 

.... 

Mn.  0.50 

17-32 

15-20 

25.4 

31.6 

2.6 

.... 

30.94 

18.4 

.... 

.... 

29.1 

15.5 

.... 

.... 

21.8 

22.2 

0.38 

.... 

17.01 

19.13 

0.38 

.... 

17.58 

17.58 

0.33 

0.32 

23.8 

24.15 

3.61 

.... 

18.94 

20.35 

3.15 

.... 

57. 

8. 

.... 

. .  • . 

19.24 

14.55 

0.4 

0.12 

0.03 

Ag.2.02 

20. 

20. 

.... 

.... 

.... 

Al.3.0 

20.7 

24.2 

1.3 

0.45 

.... 

Mn.3.83;  Al.0.13 

24.2 

15.3 

0.6 

0.69 

1.5 

22.66 

11.22 

2.9 

Al.  1.5;  Paa.5.0 

5.5 

20. 

.... 

.... 

.... 

Cd.4.5 

2.37 

20.75 

.... 

.... 

.... 

Cd.  1.8 

23.2 

13.4 

.... 

4.03 

3.54 
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NICKEL  SILVER  (Continued), 


Cu 


Zn 


Ni 


Pb 


Ateiite,  Cast 66.75  17.25      13.92      1.58 

Aterite,  Rolled 67.76  19.97      12.36      1.51 

Aterite.  Rolled 46.96  38.  10.82      1.9 

Benedict  Plate 57.  28.  15 

Back  Case  Metal 62.  20.  18 

Bismuth  Bronze 45.  21.5  32.5 

Bismuth  Bronze 53 .  20.  10 

Bismuth  Brass 47.  21.  30.9        

Bismuth  Brass 52.  12.  30 

Brasmff  Solder 35.  57.  8 

Bracing  Solder 45.  45.         10 

Carbondale 66.  16.         18 

Casting 55.8  23.7        13.4        

Casting 69.9         5.6        19.8 

Colorado  Metal 57.  18.  25 

Chiistofle  Metal (Silyer-plated  Geman  Silver) 

Chromaz  Bronze 66.7  12.1  15.2 

Cupping  and  Milling 58 .  21 .5  20 

Drawing  and  Spinning 58.66  29.33  12 

English 81.3  19.1  19.1 

Eighteen  Per  Cent '65.  17.  18 

Electrum 51.61  22.58  25.81 

Fifteen  Per  Cent 56.66  28.33  15 

Fourteen  Per  Cent 60.  26.  14 

Fourteen  Per  Cent 56.  28.  14 

Flat  Ware  Stock 53.  26.  21 

Prick's  Alloys 55-50  31^0  19-17      .... 

Bluish-Yellow.  Hard 55.50  39.00       5.50      .... 

Pale  Yellow.  Ductile 62.50  31.20       6.30      

Pricke's  Silvery 50.00  18.80  31 .20      .... 

Pricke's  Harder 69.00  30.00  10.00      .... 

German  Silvers: 

Best 46.  34.  20 

Conunon  Porrhula 55 .  25 .  20.  

Austrian  Tableware  (Gersdorf;  50.00  25.00  25.00      .... 

Austrian  Tableware  (Gersdorf;  55 .  60  22 .  20  22 .  20      

Austrian  Malleable  (Gersdorf)  60.00  20.00  20.00      

Berlin  Alloy 54.  28.  18 

Richest 52.00  26.00  22.00       .... 

Medium 59.00  30.00  11.00      .... 

Lowest 63.00  31.00       6.00      .... 

Birmingham  (Hioms>: 

Extra  White  Metal 50.  20.  30 

White  Metal 54.  22.  24 

Arguzoid 48.5  31.  20.5         .... 

Best  Best 50.  29.  21 

Special  Firsts 56.  27.  17 

First  Bests 56.  28.  16 

Seconds 62.  24.  14 

Thirds 56.  32.  12 

Special  Thirds 56.5  32.5  11 

Fourths 55.  35.  10 

Fifths,  for  Plate 57 .  36.  7 

French  Alloy  (Arcetj 50.00  31 .30  18.70      .... 

Ftench  Alloy  (Arcct) 50.00  30.00  20.00      .... 

Firench  Alloy  (Chaval) 58 .30  25 .00  16 .70      .... 

Russian 56.2  23.36  20.4 

Russian 51.4  22.32  26.22       .... 

Russian 46.1  18.  35.8 


Sn         Pb  Othbk  Elbmbnts 
0.18      Mn.0.23;  Al.0.17 
0.07      Mn/0.16 

....  Mn.2.24 


16 Bi.  1. 

15 Bi.  l.;A1.0.1 

1 Bi.  1 . 

5.  Bi.  1. 


3.5 

....       Cd.4.7 


Ag,  2.0 
Al,3.;  Or. 3. 


O.S 
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NICKEL  SILVER  (OmUnued). 


Cu 


Zn 


Ni 


Pb 


Sn 


Pb         OtRBB  BLBMBIfTt 


Gennan  SUven  {Continued) 
Sheffield: 

Common,  Yellow 59 

saver.  White 55 

Electrum.  Bluish 51 

Hard  Alloy 45 

Key  Stock 60 

Key  Stock 65 

Knife  Bolsters 68 

Knife  Bolsters 56 

Maillechort.  Paris 66 

Maillechort,  Vienna 66 

Maillechort 65 

Mangan-Neusilber 59 

Mangan-Neusilber 65 

Mangan-Neusilber 72 

Milling 56 

Milling 56 

Milling 56 

Milling 54 

Naubuc  Knife  Stock 58 

Neogen 58 

Nickel  Bronze 60, 

Nickel  Bronze 47 , 

Nickel  Bronze 47 

Nickel  Bronze 50 

Nickel  Bronze 61 

Nickel  Brass ' 50 

Nickel  Bearing 50 

Nickelin 55 

Nickel  Oreide 65 

Nickel  Oreide 64 

Nickel  Oreide 63 , 

Nickel  Oreide 86 

Nickel  Oreide 63 

Optical  Wire 54, 

Optical  Wire 55 

Packfong 40 

Packfong 26, 

Packfong 43 . 

Platinoid 54. 

Platinoid 60 

Resistance  Wire 56. 

Rheotan 52. 

Rolling 49. 

Seawater  Bronze 45 . 

Silvel.  Cast 67, 

Show-case  Metal 58. 

Show-case  Metal 59. 

Sheffield 57. 

Sheffield 63. 

Sheffield 62. 

Sheffield 54. 

Sheffield 57. 

Smitter-Lenian 72. 

Spoons,  Forks,  etc 60 . 

Sterlin 68. 

Sterline 68. 

Suhler  White  Copper 40. 

Ten  Per  Cent 56. 


.30 

25.90 

14.80 



.... 

.20 

24.10 

20.70 

.... 

.60 

22.60 

25.80 

. .  •  •       .  •  •  • 

.... 

.70 

20.00 

31.30 



.... 

26. 

12. 

2. 

22. 

12. 

1. 

16.50 

15. 



0.5 

28. 

16. 

. . .  •        . . .  ■ 

.... 

.24 

13.42 

13.42 

3.21       0.22 

0.15 

.6 

13.6 

19.3 

0.48       .... 

.... 

.4 

13.4 

16.8 

3.4 

.... 

20. 

18. 



Mn,3 

5. 

10. 



.... 

Mn.20. 

.25 

8.75 

16.57 

Mn.2.43 

31. 

12. 



1. 

.5 

28. 

15. 

....        .... 

0.5 

27.5 

16. 

0.5 

27.5 

18. 



0.5 

16.25 

25. 

0.75       .... 

. . .  > 

.0 

27. 
12. 

12. 
20. 

....       2. 
....       8. 

. . . ." 

Hi,  0.5;  Al.  0.5 

.... 

3. 

....     10. 

.... 

PSn.  1.0 

21. 

30.9 

1. 

.... 

Hi,  0.1 

18. 

12. 

....       2. 

18. 

.5 

10.95 

15.35 

....       1.88 

io:i5 

.00 

34.9 

15. 
25. 

....     25. 

Al.0.1 

.3 

13.1 

31.07 

0.43       .... 

0.18 

.50 

32.66 
32. 

2. 
4. 



.... 

.33 

31*66 

5. 



.... 

.66 

6.66 

6.66 

.... 

.33 

30.66 

28. 

27. 

6. 
18. 
18. 



.... 

.4 

25.4 

31.6 

2.6 

.3 

36.8 

36.8 

....       .... 

.... 

.8 

15.6 

40.6 



.... 

.00 

20.40 

24.77 

0.47       .... 

0.15 

Mn.15. 

24. 

14. 



.... 

W.  1-2 

.50 

25.50 

18. 

....       .... 

.k . . 

18. 

25. 

5 

39. 

12. 

....       .... 

.  • .  • 

5.5 

32.5 

....     16. 

.... 

Bi.l. 

,93 

15.84 
24. 

6.52 
18. 

2.22       .... 

0.48 

Mn.  6.8;  Al.  0.13 

.50 

22.50 

24. 

18. 
19. 



.34 

17.01 

19.13 

....        1 . .  • 

• . .  • 

.63 

26.65 

10.85 

0.2 

.7 

37.2 

17.1 



.... 

.4 

26.5 

13.0 

....       .... 

3.0 

9.75 

12.75 

2.           2.25 

.... 

Hi.  1. 

22. 

18. 



.52 

12.84 

17.88 

• . . .        .... 

0.76 

13.25 

18. 

0.75       .... 

4 

25.4 
34. 

31.6 
10. 



2.6 
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NICKBL  SILVER  (Conlinued). 


Cu  Zn  Ni 

Ten  P«r  Cent... 60.  30.  10.' 

Ten  Per  Cent 62.  28.  10. 

Tuc-Tttr.  Rod 61.2  20.9  17.6        0 

Tuo*Tur,  Sheet 58.6  28.5  12.5       0 

Turbine  Bushing 61.5  10.95  15.35 

Tatenac 43.8  40.6  15.6 

Tittenacr 45.7  36.96  17.33 

Ttttenac 44.  16.  40. 

Toocas 35.75  7.14  28.56 

Tiinffrten  Brass 60.  22.  14. 

Tnminc 58.50  29.00  12.00 

Tuning 65.  22.  12. 

Twenty  Per  Cent 53.33  26.66  20. 

Twenty  Ptt*  Cent 57.  23.  20. 

Twenty  Per  Cent 62.  18.  20. 

Twenty  Ptt*  Cent 64.  16.  20. 

Twenty-one  Per  Cent 57.  22.  21 . 

Twenty-one  Per  Cent 59.  20.  21. 

Thirty  Per  Cent 46.66  23.33  30. 

Thirty  Pte  Cent 54.  16.  30. 

Victor  Metal., '49.94  34.27  15.4 

"^^enneae  Sheet 60.  20.  20. 

Viennese  Ornaments 55 .  25 .  20. 

^^^ennese  Tableware 50.  25.  25. 

Wagner's  Fonnula 50.66  19.31  13.18 

Watch-caae  Beaels 60.  24.  16. 

Watch-caae  Beiels 63.  21.  16. 

Wesaela Silver 51.  17.  32. 

White  Copper 70.  18.  12. 

White  Alloy 48.8  24.4  24.4        2 

White  Alloy 53.0  23.0  22.0        2 


Sn 


Pb      Othbr  Blbkbnts 


14 


28 


10 


14 


0-5 

1. 


15 


14 


Sb,  7. 
W.4. 


13 


Al.0.11 


ALUMINUM   BRONZES.   ETC. 
Cu 


Alununum  Brass 63 . 

Aluminum  Brass 67-71 

Aluminum  Bronze,  Percy. ...  90. 

Alumintmi  Bronze,  Percy. .  86-89 

Aluminum  Silver 57 . 

Aluminum  Iron  Bronze  H . . .  89 .43 

Aluminum  Iron  Bronse  R. . .  85 .  16 

Aluminum  Iron  Bronze  S. . . .  85 .IS 
Aluminum  Magnesium  Bronze  94.5-89.5 

Aluminttin  Manganese  Bronze  89 .  12 

Aluminum  Nickel  Bronze ...  85 . 

Aluminum  Tin  Bronze 85 .5 

Aluminum  Titanium  Bronze.  90-89 

Ampco Bal. 

Cowles  Almninum  Bronze. . .  88.4 

Cowlea  "A".  Special  A 89. 

CowlesAl.  2.  3 80. 

Cowles  B 92.5 

CowfcsCl 94.5 

Cowles  C  2. 3 95. 

CowiesD 97.5 

CowlesE 98.75 

Cupror ••••..  94.2 


Al 

F« 

Zn 

Ni 

3.33 

.... 

33.66 

1.25-3.5 

.... 

31.75-25.5 

.... 

10. 

.... 

12.5-7.5 

.... 

.... 

Mn,  0.5-1.5;  Pb.  I- 

3. 

.... 

20. 

20. 

6.97 

3.41 

6.6 

7.52 

Mo,0.5 

9.43 

4.74 

Pb.  0.38;  P.  0.09 

5-10 

.... 

.... 

M8.0.5 

9.6 

.... 

Mn.  1 .2 

5-10 

.... 

10-5 

2.5 

Sn.  10. 

9-10 

1.0 

Ti.  trace 

7-11 

1-3 

.... 

9.74 

0.43 

Si.  1 .36 

11. 

.... 

10. 

.... 

7.5 

5.5 

.... 

.... 

5. 

. .  •  • 

2.5 

.... 

1.25 

• .  •  • 

. .« ■ 

5.8 

•  «»• 

•  ••  • 
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ALUMINUM  BRONZES.   ETC.  (QmHnuid). 

Cu  Al           Fb              Zn            Ni 

Dlrigold (See  Oranium  Bronse) 

Preach  (Pe  Ni  Mn) 81.5  7.             4.               ....           5.5 

Emperor  Brass 60.  20.             ....         20 

Heualer's  Alloy 66.5  II. 1 

Heusler*t  Alloy 68.  10. 

Heualer't  Alloy,  Max 61 .  13 . 

Hercules  Metal 85.5  2.5            ....            2 

Hercules  Metal 54.  2.5           7.5          36 

Ixmnadium  Bronze ,  (Manguieae  Brooce  with  Altimmnm)^ 

Metaline 30.  25.           10. 

Navy 85-«7  7-9        2.5-4.5 

Oranium  Bronze  S 97 .  3 . 

Oranium  Bronze  M 95 .  5 . 

Oranium  Bronze  MH 91.5  8.5 

Oranium  Bronze  H 90.  10. 

Oranium  Bronze  HX 89 .  11. 

Oranium  Bronze  HH 88.5  11.5 

Rakel's  Metal 87.5  10.5 

Roberts-Austen  fPurple  Gold;  ....  21.5 

Reichs  Bronze 85.15  0.6           7.5 

Secretan 91-95  9-5 

Superbronze 56.8  1 .2            1 .3           37 .5 

Superbronze 68.9  5.1           2.0           20.9 

Tensilite 64.  3.1           1.2           29 

Tensilite 67.  4.4           ....         24 

Tetmajer 86.1  10.            0.98 

^Tetmajer 89.7  7.1          0.72 

Tetmajer 93.3  4,6           0.89 

Typewriter  Metal 57.  3.              ....          20.             20. 


OraBE  BuncBMTS 
Mn.2. 

MA.  22.4 
Mn.  18.;  Pb,4. 
Mn,  26. 

Co.  35. 


Mn.  1. 

Au.  78.5 

Mn.0.5 

Mg.  1.5;  P.  0.5 

Mn.3.2 

Mn,3.0 

Mn.2.5:  Sn.  0.2 

Mn.3.8 

Si.  2.48 

Si.i.72 

Si.  0.98 


COPPER-MANGANESE  ALLOYS. 


Cu 

Cupro-Manganese 90. 

Crotorite. 70. 

Resistance,  Lunge 86.5 

Resistance,  Lunge 84.32 

Resistance  Metal 85. 

Manganese  Copper 29.2 

Manganese  Copper 56 .3 

Manganese  Copper 75 . 

Manganese  Copper 75.3 

Manganese  Copper 85 . 

Manganese  Copper 85 .55 

Manganese  Copper 84.33 

Manganese  Copper 89.7 

Manganese  Brass 54.2 

Manganese  Brass 55 . 

Manganese  Brass 51.15 

Manganese  Brass 53.51 

Manganese  Brass 55 .4 

Manganese  Brass 60. 15 

Manganese  Brass 53.4 

Manganese  Brass 53 .5 

Manganese  Brass 69.5 

High  Manganese  Brass: 

Ponsard's 50. 

Ponsard's 60» 


Mn 

Pi 

Zn          Sn 

Ni 

10. 
30. 

0 
2. 

.... 

•• 

... 

11.7 

1.8 

.... 

... 

13.45 

1.9 

.... 

, . 

. .   . 

12. 

3. 

.... 

. . . 

51.65 

9.68 

Al,6.25 

40.9 

1.5 

.... 

... 

Si.  1.1 

25. 

.... 

22.4 

2.15 

.... 

10.92 

1.83 

2.0 

, , 

... 

0,0.26 

10.66 

2.66 

< 

).3< 

> 

Pb,0.45 

10.61 

2.31 

2.1          < 

).4 

... 

Pb.0.3 

8.72 

1.54 

.... 

.• . 

4.4 

2.4 

38.2 

0.5 

4.3 

0.7 

39.5 

. . . 

.      Al,0.5 

4.15 

2.25 

40. 

2.2 

Al.0.25 

3.24 

1.44 

38.28 

l.X 

I        2.U 

1 

3.2 

1.06 

39.9 

.      Al.0.2 

2.34 

1.19 

34.9          ( 

y.9i 

1 

.      Al,  0.23;  Pb,  0.39 

1.7 

0. 

39.            : 

Z.6< 

5        2.5 

Al,0.2 

1.53 

2.78 

39. 

. . . 

2.5: 

\ 

1.0 

.... 

29.5 

. 

24. 

16. 

10. 

25. 

.... 

15. 

. .  • 

►         ... 
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COPPER-MANGANESB  ALLOYS  (Caniinued). 


Cu 
High  Manganese  Brass  {Contintudj. 

Ponsard's 75 . 

Cowles 67.5 

Cowles 75.5 

Cowles 80. 

Kheotan 84. 

Manganese  Bronze 82.4 

Manganese  Bronxe 85.75 

Manganese  Bronae 86 .3 

Manganese  Nickel  Silver 72.5 

Manganese  Nickel  Silver 65 . 

Manganese  Nickel  Silver 60. 

Manganin 86-84 

Manganin 84. 

Manganese  Nickel 78 .3 

Manganese  Nickel 82 .  12 

Manganese  Nickel 73 . 

Manganese  Nickel 70. 

Manganese  Nickel 65 . 

Manganese  Nickel 51 .5 

Silvel 73.3 

SUvel 67.9 

Heusler's  Magnetic  Alloys. .  70. 
Heusler*s     Magnetic    Alloy. 

max 61 . 

Heusler's  Magnetic  Alloy. . .  66.5 

Heusler's  Magnetic  Alloy ...  68*. 

Tubes 96. 


Mn 


Fb 


Zn 


Sn 


Ni 


Other  ELnisNTS 


20. 

I. 

18. 

13. 

Al.  I.;  Si.  0.5 

16.5 

8. 

15. 

5. 

12. 

4. 

0.6 

• . . 

17. 

0.25 

14. 

2.7 

5. 

6. 

2.43 

8.7! 

\ 

16.57 

20. 

5. 

10. 

20. 

10. 

10. 

12. 

2-4 

4. 

12. 

14.1 

7.6 

15.02 

0.6 

2.3 

24. 

3. 

25. 

5. 

30. 

5. 

31.3 

16.2 

12. 

1.8 

12.1 

Al.0.25;  Pb.0.51 

6.8 

2.2: 

2       15.8 

6.5 

Al,0.13;  Pb.0.48 

30. 

... 

... 

.... 

Al,»-14.5 

26. 

Al,  13. 

22.4 

Al.  11.1 

18. 

.... 

Al.  10.;  Pb.4. 

4. 

ALUMINUM    ALLOYS 


Al 

Acieral: 

Sheet Bal. 

Sheet Bal. 

Sheet Bal. 

Cast Bal. 

Cast 91.87 

Aero  Metal: 

Sheet Bal. 

Sheet Bal. 

Cast Bal. 

Aluminite  Cast. . .  Bal. 

Aluminum  Silver . .  95 .  00 

Bell  Metal 83.00 

Bourbonnes 48.8 

Bersch  Bearing.  . .  93. 

Duralumin Bal. 

Duralumin Bal. 

Durand's 66.6 

Die  Casting Igj 

Die  Casting 86.13 

Fletcher  and  Em- 

perer  Bearing. . .  92.2 

Fletcher's AUoy...  95.5 

Hard  Aluminum . .  77 . 


Cu 

2.3 
3.7 
3.8 
6.4 
5.7 

0.6 
0.2 
4.2 
2.7 


0.25 
4.2 

,5:} 


10.17 


7.5 
3. 


Zn 


33 


II 


Mn 

1,5 
1.0 
1.0 


0.14 


10. 


0.49 


24        0.03 


Mg 

0.1 
0.2 
0.5 

0.12 

2.1 
2.9 


0.5 
0.76 


0.32 


4.5 


Ni 


Pe 

1.4 
1.3 
0.7 
0.1 
0.94 

1.3 
0.3 
0.5 
0.4 


0.33 


0.67      0.34 


2.81 


Si 


Other  Elements 


0.4 
0.39 


0.4 
0.5 
0.2 


Ag.5. 
Cd,7. 
8n,  50.48 


0.3 


Sn,0.25 
So.  1.;  Sb. 
PSii.5 


0.5; 
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Al 


ALUMINUM   ALLOYS  (Continued). 
Cv  Zn  Mn        Mg        Ni        Pi 


Si       Othbr  Elehxnts 


Huron: 

Castings  A-5.... 

Bal. 

6.6 

.... 

.... 

0.5 

1.25 

r  ••  • 

.... 

Co.  0.25  and  (Mn 
SnCd.0.5) 

RoUedA 

Bal. 

3.5 

• .  • . 

0.6 

0.5 

. . .  • 

•  .  .  a 

■  • .  • 

Cr.O.l 

RoUadB 

Bal. 

4.0 

.... 

0.6 

0.5 

.... 

.... 

.... 

Or.  0.1 

RolMD 

Bal. 

4.0 

«... 

• . .  • 

0.5 

.... 

.... 

.... 

Or.  0.6 

Ingoto: 

Casting  11 

88.85 

6.6 

2.3 

1. 

1.25 

.... 

.... 

Casting  12 

92. 

8. 

.... 

. . .  • 

... 

.... 

.  .  .  • 

.... 

Casting  21 

90. 

10. 

.... 

. . . . 

•  • . 

.... 

.... 

*... 

Casting  22 

83.7 

6.3 

5. 

• . . . 

.  •  • 

. . .  ■ 

.... 

k . . . 

Sn.S. 

Casting  31 

80.5 

3. 

16. 

5. 

... 

.... 

.... 

Casting  32 

64. 

.... 

36. 

. . . . 

... 

.... 

.... 

.... 

Casting  33 

81. 

.... 

19. 

. . . . 

• . . 

.... 

.... 

.... 

Casting  34 

78. 

•  .  a  . 

22. 

.... 

... 

.... 

.... 

.... 

Rolling  3.5 

98.5 

.... 

.... 

1.5 

. .  • 

.... 

.... 

.... 

Rolling  5.5 

94.5 

2. 

2. 

1.5 

... 

.... 

.... 

.... 

Rolling  8.5 

66.6 

.... 

33.3 

.... 

... 

. . .  ■ 

.... 

.... 

Krapp  (Grosmann) 

Bearing 

87. 

8. 

.... 

. . . . 

.... 

.... 

.... 

Sn,5. 

L^ 

Bal.  2.5-3.0    12.5-14.5 
76.6        1.06        21.3 

.... 

... 



0.47 



Liberty  Piston 

Pb.0.33;  Sn,0.12 

Lynite: 

146 

BaL     7.0O-8.5 
Bal.  9.25-10.75 





... 

.... 

.... 

.... 

122 

109 

Bal. 

11.5-13.5 

.... 

.... 

... 

.... 

.... 

.... 

Crank  Case 

Bal. 

7:8 

1.5 

.  • . . 

.... 

1.25 

.... 

Body  Alloy 

Bal. 

5. 

... 

.... 

.... 

Piston 

89. 

11. 

0.5 

.... 

.... 

PiRton 

95.3 
BaL 

2.14 

.... 

0.07 

1.5 
2-l( 

}       .... 

0.76 

0.23 

Mach's 

AA  C^KIUm1U]>&  • 

Castx 

Bal. 

1.76 

.... 

1.6 

1.16 

.... 

.... 

Casty 

Bal. 

1.75 

.... 

• .  •  • 

1.5 

.  •  •  • 

.... 

SnandPb 

Casts 

Bal. 

0.21 

.... 

1.5( 

J       .... 

.... 

Sn.3.15;  Pb,0.7 

Cast 

85.00 
95. 

.... 

.... 

.... 

15.a 
5. 

)      .... 

.... 

.... 

Sheet 

Bal. 

1-20 

. . . . 

1-n 

J      .... 

.... 

.... 

MagnaUte 

Bal. 

2. 

.... 

. . . . 

2. 

2. 

.... 

.... 

MagnaUte 

Bal. 

2.5 

0.5 

1.3 

1.5 

.... 

MagnaUte 

93.09 

2.19 

1.5 

1       1.45 

1.10 

0.61 

MagnaUte 

94.27 

2.47 

0.13 

.... 

1.1 

7      0.65 

0.69 

0.59 

MagnaUte 

93.5 

2.61 

. .  • 

1.3 

7       1.72 

0.86 

0.37 

Sn.0.17 

MagnaUte 

93.9 

2.4 

1.5 

6       1.19 

0.47 

.... 

MagnaUte 

93.2 

2.44 

. . . . 

1.3J 

B       1.25 

1.35 

0.37 

Manhardts 

83.33 

6.24 

.... 

0.0 

5       .... 

.... 

Sn.  10.;  P.  0.07 

Maluminum 

Bal. 

6.4 

4.8 

0.1 

1.4 

0.2 

Pb.O.lS 

McKinney: 

Cast 

96. 

2. 

.... 

1.5 



.... 

Porging,  Soft... 

96.5 

2. 

1.0 

.  • . 

.... 

t . . . 

94.5 

3. 

.... 

2. 

.... 

.  * . . 

...  I 

McAdamite 

3.1 

12-18 

0.2 

.... 

.... 

McAdams,W.A.. 

68.5* 

7.7 

23.1 

. .  • 

. . . 

0.63 

.... 

.... 

McAdanu,  W.  A. . 

60. 

5. 

20. 

. . . 



.... 

Ag.  16.5 

McAdams,  W.  A.. 

70. 

3. 

26. 



.... 

.... 

Ag.l. 

McAdams.W.A.. 

70. 

3. 

22. 

.       . .  ■ . 

.... 

.... 

Sb,5. 

McAdams.  W.  A.. 

100. 

5. 

• .  •  • 



.... 

Ag.2. 

McAdams.W.A.. 

80. 

.... 

.... 



.... 

Sn.8.;  Cd.8.: 

McAdams.  W.  A..    82.       12. 


Ag,4. 
Cd.5.;  Ag, 
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Al 

McLure BaL 

Metalline 25. 

Meteorite Bal. 

Mock  Silver 84.2 

Muniuui's '.  92. 

Murman's 72. 

Navy Bal. 

Partinium Bal. 

Partinium 88.5 

Pistons 93.3 

Pistons 93.5 

Platinum  Substi- 
tute   23.6 

Romanium Bal. 

Rosein 30. 

Rosenhain.  and 

Archutt  Forging  72. 

Sibley Allof 67. 

Sttsini..... BaL 

Sttsim BaL 

Susini BaL 

T.  Metal BaL 

Tiers  Argent 66. 

Verilite BaL 

Wolframium 98. 

Wolframittm 98. 

W.0.33 BaL 

Zeppelin  Alloys: 

Rod 94.58 

Braces 99.1 

Channels 88.68 

Angles 90.27 

Zimalittm 93.5 

Zimalium 91. 

Ztmalium 88.5 

Zimalium 74. 

Ziahmi 83. 

Zistum 82. 

Ziskon 60. 

Al-Cu.  Strongest . .  BaL 

Al-Cu 91.66 

Al-Cu 91.62 

Al-Cu-Ni BaL 

Al-Cu-Ni BaL 

Al-Cu-Zn  Strong: 

Cast 80. 

Forged 75. 

Centrifugal  Cast  80. 

Ingot 82.7 

Ingot 82.8 

Casting 83.55 

Al-Cu-Mg  Casting  93.6 

Al-Cu-Mg   Casting  93. 

Al-Cu-Mg  Casting  91.9 

Al-Cu-Mg  Casting  95.5 

Al-Nt-Ti 97.6 


ALUMINUM 

ALLOYS  (ConUnued). 

Cu 

Zn 

Mn 

Mg 

Ni 

Fb 

Si 

Othbr  Elements 

8.2 

.... 

0.2 

.... 

.... 

0.9 

0.3 

Sn,5-6 

30. 

1-2 

...-. 

10. 

.... 

Co.  35. 
P.  1-4 

5.5 

4.4 

14.5 

3.6 
13.5 

.... 

.... 

Sn.  10.2;  P.O.I 

1.5 

.... 

0.9 

.... 

0.4 

0.4 

0.3 

0.64 

.... 

.... 

.... 

.... 

.... 

Sb.  2.4;  Sn.  0.16; 
W,0.8 

7.4 

1.7 

.... 

1.3 

1.1 

3.39 

.... 

1.39 

.... 

1.46 

0.45 

2.45 

0.28 

1.47 

1.47 
0.72 

0.4 

0.4 

Bi,3.7;  Au.0.7 

0.25 

I 

::;: 

1.75 
40. 

:: 

I 

Sb.0.25:  Sn.0.15; 

W.0.17 
Sn.  20.;  Ag.  10. 

3. 

25. 
33. 

.... 

.... 

.... 

.... 

1.5 

0.5 

1-3 

.... 

.... 

.... 

.... 

2.5 

1.0 

1^ 

.... 

.... 

.... 

.... 

4.5 

1.5 

2-« 

.... 

.... 

.... 

.  •  • . 

0.1 





3.8 

0.5 

0.5 

Ag.33. 

2.5 

•  •  • . 

0.3 

.... 

0.7 

0.4 

0.36 

.... 

.... 

.... 

.... 

0.22 

.... 

Sb.  1.4;  W.  0.05 

0.375 

.... 

.... 







.... 

8b.  1.44;  Sn.  1: 
W,0.04 

14. 

.... 

1. 

.... 

.... 

.... 

!..., 

4.16 

0.62 

0.42 

0.52 

0.06 

0.13 

.... 

.... 

0.38 

0.36 

0.7 

9.1 

0.45 

.... 

.... 

0.43 

0.49 

Sn.0.15 

0.73 

7.8 
2.8 

0.27 

3.7 

.... 

0.45 

0.37 

Sn.0.11 

.... 

4.5 

.... 

4.5 

.... 

.... 

». . . 

•  • . » 

4.4 

.... 

7.1 

.... 

.... 

.... 

*  .  .  a 

14.8 

.... 

11.2 

.... 

«... 

.... 

1. 

15. 

.... 

.... 

.... 

.... 

.... 

Sn.  1. 

3. 

15. 

.... 

.... 

.... 

.... 

.... 

.... 

40. 

.... 

.... 

.... 

.... 

3.75 

.... 

7.16 

.... 

.... 

.... 

0.85 

0.33 

- 

7.57 

0.1 

0.07 

.... 

.... 

0.43 

0.22 

2. 

.... 

.... 

5.25 

.... 

.... 

4.1 

.... 

.... 

1.1 

.... 

.... 

5. 

15. 

.... 

.... 

3. 

22. 

.... 

.... 

.... 

.... 

.... 

3. 

17. 

.... 

.... 

.... 

.... 

3.15 

12.8 

0.39 

0.48 

0.19 

Pb,  0.19;  Sn.  0.12 

5.52 

9.9 

0.18 

0.81 

.... 

Pb.  0.3;  Sn.  0.27 

4.87 

11.1 

0.06 

0.19 

0.27 

3.61 

.... 

2.23 

.... 

0.31 

0.28 

3.65 

.... 

.... 

2.25 

0.60 

0.38 

3.37 

.... 

0.55 

3.5 

.... 

0.38 

0.29 

4. 

.... 

.... 

0.5 

.... 

.... 

.... 

.t«« 

«..< 

»,%. 

<<•• 

2Q 

1  \  '.1 

'11* 

TitQ'-* 
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ALUMINUM    ALLOYS  (C<mUnusd). 


Al 

Al-Ni-Zn S5. 

VaAUoy 80.2 

W  Alloy 82. 1 

Alloys  Research 
Committee: 

"Y"  Casting...  82.5 

"A"  Forging...  77. 

"E"  Rolling...  76. 


Cu 

Zn 

.... 

5. 

5.01 

13.7 

12.32 

4.5 

4. 

3. 

20. 

2.5 

20. 

Mn 


Mo 


Ni 

10. 


0.5 


1.5        2. 

0.5 


Pb         Si       Othbr  Elbmbnts 

0.72       ....      V.0.2 
....       ....       W,  1.0 


0.2        0.2 


TIN  BASE  ALLOYS. 


Algiers  Metal , . . 

Algiers  Metal 

Algiers  Metal 

Ashberry  Metal 

Ashberry  Metal 

Ashberry  Metal,  Brittania 

Ashberry  Metal,  Brittania 

Argentin ! 

Aluminum  Solder 

Burgess 

Prismuth 

Grimm's... 

Gximm*s 

Aluminum,  Wegner  and  Guhr's . 
Aluminum,  Wilmotts 


Aluminum,  Various . 


Babbitts,  Original 

Babbitts,  Hard 

Bearing: 

Navy , 

Navy 

PruMiaa 

Pninian 

Rusdan  Railroad , 

Automobile,  American . 

Automobile,  American  . 

Automobile,  American  . 

Automobile,  American  . 

Heavy 

Fiends  Car 

German  Railroad 

Valve  Rods,  etc 

French  Railroad 

Piston 

Swiss  Railroad 

English 

German 

Prussian 

Prussian , 

Prussian 

(Kamarsch) 

Valve  Paclring 


Sn 

SB 

Cu 

Pb 

Other  Blebibnts 

94.5 

0.5 

5. 

90. 

10. 

.... 

75. 

25. 

.         . .  • 

80. 

14. 

2. 

Zn.  1. 

79. 

15. 

3. 

Zn,2. 

77.8 

19.4 

2.8 

77.9 

19.4 

. 

Zn,2.8 

85. 

14.5 

0.5 

85-^ 

•  •  ■ 

Zn.  15-50 

76. 

. . . 

Zn,  21 . ;  Al.  3 . 

67. 

27. 

A1.3. 

69.1 

, 

28.8 

Zn,  1.44;  Ag,  0.72 

50. 

.. 

.       25. 

Zn,25. 

80. 

.. 

Zn.20. 

86. 

.. 

Hi.  14. 

Hal. 

Zn,8-15;  Al,5-12. 

50. 

33.3 

Zn,66.6 

47.5 

47.5 

Ca.5. 

49.5 

3.4J 

\        1.1 

26.06 

»      Zn,  20.31 

85. 

.... 

.         . . . . 

Al.  10.;  PSn.5. 

89. 

7.3 

3.7 

r 

83.3 

8.3 

8.4 

\ 

89. 

7.3 

3.; 

F 

91. 

4.5 

4.: 

\ 

• 

91. 

6. 

3. 

90. 

6. 

4. 

90. 

8. 

2. 

89. 

7. 

4. 

89.3 

8.9 

\.i 

\ 

88.9 

7.4 

3.' 

f 

87. 

7. 

6. 

85. 

7.5 

7.. 

J 

83.3 

11.1 

5.. 

J 

83. 

11. 

6. 

82. 

10. 

8. 

82. 

12. 

6. 

81. 

12.5 

6.. 

J 

80. 

10. 

10. 

• 

76.7 

18.5 

7A 

1 

76. 

17. 

7. 

74. 

15. 

11. 

10.6 

Zn.0.18;  Fe.0.22 

73. 

18. 

9. 

72. 

26. 

2. 

71.4 

7.2 

21.^ 

I 

71. 

2^ 

1. 

5. 
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TIN   BASE  ALLOYS  (CotUinued}. 
Sn 


Bearing  (ConUnued). 

German 70.8 

(Kamarsch^ 70.7 

G.  W.  R.  England 67. 

French  Railroad 67. 

Rnglifih  Railroad 90. 

German  Ludenscheidt 71 .8 

Brittania: 

Bnfi^ish 94. 

English 90. 

English 90. 

English 85.5 

Cast 90.6 

Cast 85.5 

Cast  Tutania 91 .4 

Cast  Tutania 92.35 

Birmingham  1 90.57 

Birmingham  II 85 .5 

Sheet ; . .  91 .5 

Sheet 90.6 

Spinning 93 .7 

Spoons 88.4 

Spoons 85.5 

Spoons 84.7 

Spoons 88.42 

Spoons 85.42 

Spoons 84.46 

Plate,  Hard  Spelter 90.62 

Plate.  Birmingham 91 .46 

Plate,  Tutania 90. 

Plate,  Deutsch  CLudenscheidt) 71 .85 

German 84. 

German 81 .9 

German 70.82 

German,  Various,  Turn 93 .65 

German.  Queen's  Metal 88.52 

Blatt-Silver 91.1    . 

Bushing,  Russian 72.2 

.Clicfaier  Metal 48. 

Clichier  Metal 80. 

Deurance  Metal  (Locomotive; 33.3 

Dudley  Antifriction 96.13 

Pahrig  Antifriction %  90. 

Gild^  Foil 97.6 

Hard  Head 90. 

Hammonia  Metal 64,5 

Hoyles  Metal 46. 

Hosmann  Metal 73 .6 

Jacoby  Metal 85. 

KjmuLTBch  Bearing 85. 

Minofor  CBrittania; 68.5 

Minofor 66. 

Navy  Bearing 89. 

Navy  Bearing,  Hard 80 

Parsons  White  Brass 60. 

Parsons  White  Brass 81 . 

Parsons  White  Brass 76. 

Pewter 80. 

Ptawter 73.S 

Pewter 88.42 


SB 

Cu 

Pb 

Other  Elbmbnts 

15.1 

4.9 

9.2 

19.7 

9.5 

.... 

11. 

22. 

.... 

22. 

11. 

.... 

7. 

3. 

.... 

24.3 

3.85 

5. 

1. 

6. 

2. 

.... 

Bi.2. 

7. 

3. 

.... 

9.7 

1.8 

.... 

Zn.3. 

9.2 

0.2 

.... 

10.5 

1. 

Zn,3.0 

•  •  •  • 

0.7 

7.62 

Zn,0.25 

4.65 

2.45 

0.32 

9.38 

0.03 

.... 

10.5 

1. 

.... 

Zn.3.0 

7.1 

1.4 

.... 

7.8 

1.5 

.... 

3.75 

2.6 

.... 

8.7 

2.^ 

.... 

14.4 

0.15 

.... 

5.0 

3.7 

.... 

Bi.4.9;  Zn.  1. 

8.68 

2.8 

14.42 

0.15 

.... 

5.62 

3.68 

.... 

Zn.  1.53:  Bi,  4.88 

7.81 

1.46 

.... 

7.12 

1.4 

.... 

.... 

2.7 

6.0 

Zn.  1 .3 

24.26 

3.85 

9. 

2. 

.... 

Zn.5. 

16.3 

1.8 

...  a 

15.10 

4.91 

9.21 

3.75 

2.63 

.... 

7.10 

3.48 

.... 

r  •  .   . 

.... 

0.35 

Zn,8.25;  Fe.  0.23 

1.3 

.... 

Za.26.5 

10.5 

.... 

32.5 

Bi.9. 

•  • .  • 

5. 

Bi.  15. 

44.5 

22.2 

.... 

.... 

1.6 

0.25 

*  •  •  a 

10. 

.  •  •  • 

2.16 

.... 

F«,0.11 

8. 

2. 

.... 

.  •  •  • 

3.25 

.... 

Zn.  32.25 

12. 

.... 

42. 

11. 

4. 

10.6 

Zn,0.18;  Pe.0.22 

10. 

5. 

.... 

5. 

3.6 

• . .  • 

Bi.  1 .6;  Zn.  1 .4 

18.2 

3.3 

.... 

Zii,IO. 

20. 

4. 

.  •  •• 

Zn.9. 

7.3 

3.7 

•  •.  • 

15 

5 

.... 

•  •  •  • 

5. 

• . .  • 

Za.35. 

11. 

4.5 

3.S 

6. 

5. 

13. 

•  •  •  • 

.  •  •  • 

20. 

5.5 

1. 

20. 

7.16 

3.54 

•  ••• 

Zn.0.88 

Digitized  by 


Google 


234 


Report  of  Comkittee  B-2  (Appendix  III). 


TIN  BASE  ALLOYS  (C<mlinu4d). 


Pewter. 

Pewter. 
Pewter. 
Pewter. 


Sir 

W.S 

87.2 

89.3 

84.7 

Phosphor  Tin 95. 

Phosphor  Tin 90. 

Plastic  Metal 80.5 

Poterie  d'Etain 90. 

Prince's  Metal 84.75 

Queen's  Metal 50.5 

Queen's  Metal 87 . 

Queen's  Metal 73.36 

Queen's  Metal 88 .5 

Queen's  MetaJ 88.5 

Ships  Nail  Alloy 50. 

Stiver  Foil 90. 

Silver  Foil 97.5 

Stanniol 96.2 

Tinfoil 87.5 

Tourun  Leonard's  Metal 90. 

Trabuk  Metal 87.5 

Tinsel 60.4 

Tutania.  Cast 91.4 

Tutania.  Cast 92.4 

Tutania.  English 80. 

Tutania.  Plate 90. 

White  Metal»  Hanover 86.8 

White  Metal.  Dutch 81.5 


SB 

7.6 
5.7 
7.6 
1.7 


8.6 

9. 

15.25 
16.5 

8.5 

8.88 

7.1 

7. 
17. 


0.5 

5. 


4.6 
16. 


7.6 
8.8 


Cv 
.8 
.6 
.8 

6.8 


9.5 


3.5 


3.5 

3.5 


2.5 
1. 
4. 
10. 


0.7 
2.5 
2.7 
2.7 
5.6 
9.6 


Pb 

.8 
.5 
.8 


16.5 
8.8 

33. 


2.4 
8. 


39.6 
7.62 
0.32 

6.0 


Othbr  Elemknts 


Bi.6. 
P.  5.0 
P,  10. 
P«.  1.4 


Zn.  12.5 
Zn.  1. 
Zn.  8.88 
Zn.0.9 
Bi.  1 .0 

Zn.  10. 

Ni.  0.3;  Fe.  0  1 

Ni,5.5;  Bi.  2. 

Zn.  0.25 
Fe,  0.13 
Zn.  1.3 
Zn.  1 .3 


LEAD   BASE  ALLOYS. 


Pb 

Acctunulator  Metal  (Condenser  Foil; 90. 

Aluminum  Solder.  Frismuth 27 . 

Antifriction 60. 

Antifriction 88. 

Antifriction 84. 

Antifriction 78.8 

Antifriction 77. 

Antifriction 77 . 

Battery  Plates 94. 

Bearing 80.5 

Bearing  (Katzenstein; 77 .6 

Bearing 73 .0 

Bearing 68 .0 

Bearing 71. 

Bearing 62.5 

Bearing 61 .0 

Bearing 48. 

Bearing  (American; 46. 

Bearing 

Bearing 

Bearing 

Bearing 

Bearing 

Bearing 

Bearing 

Bearing 

Bearing 


40. 

37. 

25.5 

11.8 

10. 

86. 

83.3 

82. 

80. 


Sn 
9.25 


10. 
8. 

11.6 
7.3 
8.5 
9.6 
7.7 

26.2 

25.0 

40. 

36.5 

42. 

50. 

61. 

74.. 

75. 
1. 
8.3 
2. 

10. 


SB 

0.75 

20. 

12. 

16. 

19.6 

12.5 

14. 

6. 

7.4 
16.8 
18.0 
20.5 
18.5 
10. 
13.0 
10. 
16.5 
16. 
12. 
10.5    ' 

9.5 
12. 
13. 

8.3 
16. 
10. 


Cu    Other  Blements 


A1.3. 
Zn.  20. 


0 
1 

0.5 

0.4 

0.4 

1.6 

2. 

1.3 

1.0 

2. 

1.0 

2. 

1. 

2.8 

4.7 

3. 


Zn.  1. 
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LEAD  BASB  ALLOYS   (Continuid). 

Pb  Sn  Sb 

Bearing  Compagnie  de I'Bst 80.  12.  8. 

Baarixis 80.  5.         15. 

Baftrinff 76.  7.         17. 

BaarixiSs  American  Railroad 73.5         8.         18.5 

Beaxinff.  French  Railroad 70.  20.         10. 

Baarins,  Paris-Lyon-Mediterranean  Railroad. ...  70.  10.         20. 

Baarinff.  American  Railroad 68.  21.         ii. 

Bearing,  Graphite  Metal 68.  15.         17. 

Bearing 62.  27.         10. 

Bearing 60.  20.         20. 

Bearing,  Chemin  de  fer  de  Test  Franc 42.  42.         16. 

Bearing 40.  45.         15. 

Bearing,  Italian  Railroad 37.  38.         25. 

Bearing 10.  75.         15. 

Caiwale  Metal 92.  8 

Clichler  Metal 46.  33 

CUchier  Metal 50.  36 

Clkhier  Metal 32.5  48.  10.5 

CUchier  Metal 5.  80 

Electrotype  Metal 93.  3.  4. 

Eni^ah  Linotype 83.  5.         12. 

Bngliah  Stereotype 82.5        4.5       13. 

FraryMetal 98 

Pahitm  Brilliants 40.  60 

Foil-Lead  (Calin) 86.5  12.5 

French  Auto 75.  10.         15. 

For  Small  Castings 5.  75.         20. 

GUevor  Bearing 76.5        8.         14. 

••Glyco" 80.5  4.5        14.5 

HardLead 80.  46.         12. 

Hoyle's  Metal 42.  46.         12. 

Jaoana  Metal 70.  10.         20. 

Locomotive  Bashing 65.6         8.8       15.4 

Linotype  Metal 85.  3.         12. 

Mackenzie  Metal 70.  13.         17. 

"Magnolia" 78.  6.         16. 

"Magnolia" 79.75       5.         15. 

Marine  Babbitt 72.  21.  7. 

Metallic  Packing 82.25       4.75 

Metallk  Packing.  Compagnie  d'Orleans 76.  14.         10. 

Mystic  Metal 88.7         ....      10.8 

Non-pareil 78.35       4.95      16.7 

Noheet 98.41        0.06        0.11 

Pewter 11.5  87.2        5.7 

Pewter 20.  80 

Piston  Packing,  Compagnie  de  Nord 73.  12.         15. 

Shot  Lead 99.8         

Solder 60.  39.  1. 

Plumbers 66.6  33.3 

HalfandHalf 50.  50 

Tinman's 33.3  66.6         

Stereotype  Metal 82.  6.         12. 

Stereotype  Metal 82.  3.2       14.8 

Stereotype  Metal 76.  4.         20. 

Stereotype  Metal 70.  7.         23. 

Steieotirpe  Metal 67.  17.         18. 

Stereotype  Metal 35.  60.  5. 

Tandem 77 .7         5 .9       16 .8 

Tea  Lead 98.  2 

Teme  Metal 88 .  25      18 .  i .  75 


Cu    Other  Elbmbnts 


1.0 


0.5 


Cd.21. 
Cd.  14. 
Hi,  9. 
Hi.  15. 


Ba  Ca  2. 


Pe,  1 .5 
Aa.0.5 


1.6 


Hi,  0.25 


Hi.  0.1 


Na.  1 .4 


As.  0.2 
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LEAD  BASE  ALLOYS  (CatUinued). 

Pb  Sn 

Type  Metal 70.  lO. 

BngliBh,  Old 69.2  9.1 

English 63.2  12. 

English 60.5  14.5 

Knipp 59.6  12. 

English 58.  15. 

English 77 .5  6.5 

Gennan 75.  2. 

German 60.  35. 

Gennan 60,  34.6 

Gennan 60.  15. 

Common 60.  10. 

Conmion 55.5  40. 

Best 50.  25. 

French 55.  22. 

French 55.  15. 

Ulco 98.5  

White 77.  5. 

White M.  53. 

White .^^  9  49.1 


SB 

Ci: 

r    Other  Eldiknt 

18. 

2.0 

19.3 

1.7 

24. 

0.8 

24.2 

0.8 

18. 

4.7        Ni.  4.7;  Bi.  1 

26. 

1. 

16. 

23. 

, , 

5. 

5.4 

, , 

25. 

, , 

30. 

4.5 

25. 

23. 

, , 

30. 

!      BaCa.1.5 

15. 

2.3 

10,6 

2.4        Ziul 

13.6 

3.3 

ZINC  BASE  ALLOYS. 
Zn 


Aluminum  Solder,  Frismuth 47 .5 

Aluminum  Solder.  Frismuth 47 .4 

Alimiintun  Solder 30. 

Aluminum  Solder 80. 

Altmiinum  Solder 57 . 

Aluminum  Solder.  Mourey 94. 

Aluminum  Solder.  Mourey 80. 

Aluminum  Solder.  Bourbouse 81 .82 

Aluminum  Solder.  Comande  and  Cruiys  52 . 

Aluminum  Solder,  Richards 25 . 

Battery  Plates 63.4 

Babbitt  Metal 69. 

Bearing,  Hard 90. 

Bearing 88. 

Bearing 85. 

Bearing 77. 

Bearing.  English 67 .7 

Bearing 66.5 

Bearing 55 . 

Biddery 90.2 

Biddery  Heme's 84 .3 

Birmingham.  Platina 79 .4 

Brittania.  Cast 48. 

Button 80. 

Cook's  Alloy 31 .5 

Dunnlevic  and  Jones 52. 

Dunnlevic  and  Jones  Antifriction 20. 

Dunnlevic  and  Jones  Antifriction 85 . 

Dunnlevic  and  Jones,  Russian 80 . 

Ehrhardt's  Metal 89. 

Ehrhardt's  Type 89 . 

English  White  Metal 76.2 

Fenton's  Alloy 80. 

Fenton's  Alloy 80. 

Olievor  Bearing 73.5 


Cu 

Sn 

Sb          Pb 

OTHBB  BLBMSinS 

5.5 

31.5 

Al.  10.5;  Ag.  5.5 

5.3 

36.8 
65. 

•• 

Al,10.5 
Bl.5. 

8. 

.... 

•• 

A1.12. 
Cd.43. 

2. 

.... 

Al,4. 

8. 



•• 

A1.12. 
Al.  18.18 

.... 

30. 

. , 

A1.17.5;Ni.0.5 

.... 

71.5 

Al.3.5 

3.2 

21.3 

L 

2. 

5. 

26. 

3. 

5. 

7. 

1.5 

1.5 

8. 

2. 

2. 

. . . 

5. 

10. 

. . . 

5.5 

17.5 

7.4 

14.9 

. . . 

4.2 

29.3 

. . . 

0.55 

22.7 

Al,20.;  Pb,1.25 

6.3 

0.8 

2.6 

11.4 

1.4 

2.9 

20.25 

.... 

. . . 

P«.0  33 

3. 

48. 

1. 

1. 

20. 

.... 

68.5 

(Zn.43.;  Sb.57.) 

1.6 

46. 

0.4 
20.           6( 

3. 

5. 

10. 

8. 

.... 

10. 

. .  • 

4. 

4. 

.... 

S. 

3. 

6. 

.... 

2. 

5.6 

17.5 

6. 

14. 

.... 

, . . 

8.5 

• .  • . 

14.5 

4.4 

6.7 

9. 

1. 

Cd.1.4 
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ZINC  BASB  ALLOYS  (Continued). 
Zn 


Hamilton  Metal 93 .4 

Heavy  Axle 47 . 

Haxmnoziia  Metal 32 .25 

Iridium 77 .25 

Iridium 83 .00 

Kemlet 67 

Kneiss  Metal 50. 

Kneias  Metal 40. 

Leddel  Alloy 90. 

Ledebur's  Bearing 85 . 

Ledebur's  Bearing 77 . 

Leddel  Bearing '. 87.5 

Lumen 86. 

Lumen 85 . 

••  Hartzink" 91 .9 

PaxBons  White  Brass 30. 

Pierrot  Metal,  Beugnot 83.3 

Propeller  Bushing 69. 

Pump  Cocks 72. 

Russian.  Packing 98.5 

Russian 26.5 

Salge  Metal 85.5 

Schomberg-Bearing 59.4 

saver  Leaf 8.25 

Silver  Metal 66.5 

Siemens  Halske 48 . 

SienMns  Halske,  Automobile 47 .5 

Sorel's  Alloy 98. 

Sorel*8  Alloy 88. 

Spiauter  (Hard  Zinc; 90. 

Vaucher's  AHoy 75 . 

Zelco 73 


Cu 

Sn 

Sb 

Pb 

Othbr  Elbmbhts 

3.5 

.... 

1.5 

3.1 

Phot.  Sn.  5. 

1. 

38. 

6. 

4. 

3.25 

64.5 

.... 

.... 

1.12 

21.63 

Trace 

.... 

1.25 

15.75 

Trace 

.... 

9 

25. 

.... 

25. 

Al.  15. 

3. 

15. 

.... 

42. 

5. 

• .  ■  • 

.... 

A1.5. 

5. 

.... 

10. 

.... 

5.5 

17.5 

.... 

.... 

6.25 

.... 

.... 

.... 

Al.6.25 

10. 

.... 

' . . . . 

A1.4. 

10. 

.... 

.... 

.... 

A1.5. 

0.13 

.... 

2.4 

Pe.5.3 

5. 

65. 

.... 

8.3 

7.6 

3.5 

3. 

5. 

19. 

7. 

.... 

7. 

21. 

.... 

0.98 

.... 

0.32 

Pe,0.16 

1.3 

72.2 

.... 

.... 

4. 

9.9 

.... 

1.1 

0.38 
10. 

39.8 
91. 

5. 
5. 

0.21 
0.35 

Fa,  0.15 

Ag.33.5 
Cd.47. 
Cd.47.5 
Fa.1. 
Pa.  10. 

2. 

.... 

8. 

18. 

2.5 

4.5 

Al.  15.0 


FUSIBLE  METALS. 


Bi 

Anatomical  Alloy 53.5 

Bismuth  Solder 40. 

Bismuth  Solder 33.3 

Bismuth  Solder 27.5 

Bisonith  Solder 25. 

D*Arcet 50. 

Eutectk: 52.5 

Eutectk 49.5 

Eutectic 51.6 

Eutectic 54 . 

Eutectic 

Fusible  Tea  Spoons 44.5 

Guthrie's. 47.38 

Lictenberg 50. 

Lipowitz 50. 

Newton's 50. 

Onion's... 50. 

Rose's 50. 

Rose's «. 

Wood's 50. 


OTBsa 

TrnpsiAiusB 

Sm 

Pb 

Co 

EUMBNTS 

or  FuoQir 

19. 

17. 

.       Kg.  10.5 

60«C. 

20. 

40. 

33.3 

33.3 

K 

45. 

27.5 

50. 

25. 

25. 

25. 

15.5 

32. 

96»C. 

13.1 

27.3 

10.1 

70-74*  C. 

.... 

40.2 

8.1 

91.5*C. 

26. 

.... 

20. 

103»C. 

50. 

32. 

18. 

145»C. 

16.5 

30. 

Ht.5-10 

. 

19.97 

19.36 

13.29 

20. 

30. 

• . . . 

13.3 

36.7 

10. 

18.75 

31.25 

. « . . 

20. 

30. 

.  •  • . 

22. 

28. 

30. 

35. 

• 

12.5 

25. 

12.5 
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GOLD  ALLOYS. 

Au 

Standard  Gold.  British 91.66 

Standard  Gold,  U.  S 90. 

22  Carat 91 .66 

22  Carat  Dental,  Dark 91 .57 

22  Carat  Dental.  Light 91 .57 

20  Carat 83.33 

20  Carat 83.20 

18  Carat , 75.0 

18  Carat 75.00 

18  Carat 75.00 

18  Carat  Dental 74.88 

18  Carat  Special 75.00 

16  Carat 66.6 

16  Carat 66.66 

16  Carat 66.6 

16  Carat 66.45 

15  Carat 62.49 

14  Carat 58.3 

14  Carat  Regular 58.33 

14  Carat  Spring 58.33 

14  Carat .-. .  58.3 

14  Carat  Special 58.33 

14  Carat  Dental 58.03 

12  Carat 50.00 

10  Carat  Regular 41 .66 

10  Carat 41 .6 

10  Carat  Spring 41 .66 

'  8  Carat 33.30 

Ydlow  Gold 53. 

Red  Gold 75. 

Dark  Red  Gold 50. 

Pale  Yellow  Gold 91.6 

Pale  Yellow  Gold 91 .6 

Green  Gold 75. 

Green  Gold 75. 

Green  Gold 74.6 

Green  Gold 75. 

Grey  Gold.... 85.7 

Grey  Gold 83.3 

Blue  Gold 75. 

White  Gold 90. 

Palladium  Gold 90. 

White  Gold, 75-85 

Gold  SoMers: 

18  Carat 75. 

18  Carat 62.5 

16  Carat 75. 

14  Carat 50. 

12  Carat 47.8 

10  Carat 41 .2 

9  Carat 25. 

8  Carat 40. 

Bett 62.5 

Ba«y  Melt 54.5 

Very  Easy  Melt 11 .5 


AG 


Cu     OTHsa  Blbunts 


•  *. . 

8.33 

•  •  •  ■ 

10. 

4.166 

4.166 

4.99 

3.44 

8.43 

.... 

8.33 

8.33 

10.81 

5.99 

10.4 

14.6 

12.00 

13.00 

14.6 

10.4 

19.13 

5.99 

20.00 

5.00 

6.6 

26.6 

11.12 

22.22 

19.4 

13.8 

25.57 

7.98 

11.01 

13.25 

4.16 

37.3 

13.33 

28.34 

16.00 

25.67 

25. 

16.6 

27.77 

13.90 

30.03 

11.94 

14.58 

35.42 

12.34 

46.00 

16.6 

41.6 

20.00 

38.34 

20.00 

46.70 

25. 

22. 
25. 
50. 

8.3 

.... 

. .  •  > 

.... 

F».8.3 

25. 

.... 

16.6 

.... 

Cd,8.3 

11.4 

9.7 

Cd.4.3 

12.5 

.... 

Cd,  12.5 

8.6 

.... 

Pe,5.7 
Fe.16.6 
Fe.25.    ' 
Pd.  10 
Pd.  10 
Ni.lO*8;Za.2.9 

13. 

12. 

31.25 

6.25 

16.6 

8.3 

33.3 

16.6 

29. 

17.1 

BrMi,6.1 

37. 

21  2 

BraM.0.6 

50. 

25. 

36.6 

23.4 

22.5 

15. 

31.75 

13.75 

54.5 

28. S 

Za.5.5 
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SILVER  ALLOYS. 

Ac  Cv 

Sterling  Silver 92.5  7.5 

Rupee 91 .6  8.3 

Sundard 90.  10. 

Silver  Solders: 

Hard 80.  13.2 

Sterling *.  80.  2.5 

Medium 75.  20. 

Medium 70.  22.5 

Enamel 66.7  33.3 

Pure  Silver 72.  28. 

French 66.  23.3 

Plate 64.5  22.5 

Common 62 .5  30. 

Chain 62.5  31 .2 

Chain 63.5  20.9 

Quick 62.5  20.9 

Quick 56.9  27.7 

Bureau  ot  Standards 40.  14. 

Argent  Prancais  (Roulzj 40.  35 . 

Argent  Prancais  (Roulz) 33 .  40. 

Argent  Prancais  (Roulz) 20.  50. 

Argent  Prancais  ^Odessa; 33.25  42.5 

Argent  Pk«ncais,  Mousset's  Silver 27 .5  59.5 

Proplatinum 23 .57  


Zn 


Sm 


Otbbk  Bum knts 


6.8 

17.5 

5. 

7,5 

10. 

13. 

7.5 

6.2 

16.6 

10.4 

6.2 

11.5 

3.8 

6. 

40. 

Ni.25. 
Ni.27. 
Ni.30. 

15.75 

Ni.8.5 

9.5 

Ni.3.5 
Ni.72.;Bi.3.72;Au.0.71 

PLATINUM.  ETC. 


25 


80 


Pt  Au 

Thermo-couples 90. 

Thermo-couples 90. 

Solder 27. 

Resistance 33.3 

Platine-au-titre 17-35 

Platintmi-Gold: 

White 40. 

Almost  White 30. 

Almost  White 58.3 

Cooper's  Gold 18.75 

Cooper's  Gold 29. 17 

Cooper's  Pen  Metal 50. 

Cooper's  Pen  Metal 

Cooper's  Mirror 9.5 

Palladium  Gold 31 

Platinum  Substitutes: 

Palau 

20. 

Cooper's 25 . 

Cooper's 

Electrical 7.5 

Electrical 5. 

Electrical 

Proplatinum 0.75 


AG 


73. 

66.6 

83-<»5 


25 


19 


70 
70 
25 
25 
25 
23 


Other  Blbmbnts 


If.  10. 
Rh.  10. 


Cu.  81.25 

Cu.  66.6;  Zn.  4.15 

Cu, 12.5 

Cu.  50. 

Cu.58.;Sn.27.5;  Zii.3.5;  At.1.5 

Pd.  10.35;  Cu.  39.65 

Pd.20. 

Ni.60.;  Pd.  10.;  V,  10. 

Ni.5. 

Co.  5.;  Pd.  25. 


Ni,5. 
Ni.  72.; 


Bi,3.75 


Advance 44.3 

Argentan 26. 

CaKdo 64. 


RESISTANCE  ALLOYS. 

Cr          Pk  Mn         Cu          Zn 

0.5  1.15      53*9 

I.  ....       56.           18. 

8.  25.  3.  


Other  Elements 
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RESISTANCE  ALLOYS  (ConUnued). 


Ni  Cr  Pb 

Calorite 65.  12.  15. 

Calorite 65.  12.  23. 

Chromel  A 80.  20.  

Chromel  B 85.  15.  

Chromel  C 64.         15.         25. 

Climax 24.4  73. 

Comet 30.4  2.2        66.9 

Constantin 46.  

Constantin 43.9  0.4 

Dilver (See  Platinite) 

Eureka (See  Mangeoin) 

EzceUo 85.  14.  0.5 

Rennet 18.  4.  Bal. 

Ferrozoid Nickel  steel 

la^Ia 40.  

Ideal ^ 45.  0.66 

Ideal 40.  1. 

Invar 36.  ....      64. 

Kromaz 80.         20.  .... 

Kromore 85.    *      15.  

Kruppin 28  per  cent  Nickel  Steel 

Lnoemo 67.9         2.4 

Magno 95.  

Manganete  Steel Bal. 

Manganin 4.  

Manganin 2.  

Manganin 12.  

Manganin 2.3         ....       0.6 

Manganin 5.  

Marsh's Pfttent 75.         25. 

Monel 67.1         ....       2.1 

Nkshrok>y 75.  16.  8. 

Nkhroloy 40.  7.  50. 

Nichroloy 23.         20.         50. 

Nichromel 60.         11.         25. 

Nkhromell 75.  11.  12. 

Nichrome 66.  22.  10. 

Nickelin 18 .  

Nickelin 32.  

Nickelin 31.5  

Ni-Cr-Cu 80.  25 

Ni-Cr^Cu 85.         20 

Ni-Ci-Al 88.  8 

Non-Magnetic  High  Resist- 
ance   30.         70.  

Phenix 25.  75. 

Placet 60.  15.  20. 

Platinite 46-42        ....      54-58 

Platinoid 24.77        ....        0.47 

Platinoid 14.  

Rayo 85.  15. 

Resistin 1.8 

Resistin ; 3. 

Rheotan 12. 

Rheotanll 25 5. 

Silver  Bronze 

Tamac (See  Manganin) 

TtCO 30.4  ....       67.3 

Tophct 61.  10.  26. 

Vestalin (28  per  cent  Nickel  Steel) 


Mn 

8. 


Cu 


Zn 


Other  Elbmbnts 


2.6 

.... 

0.8 

0.4 

.  • .  • 

54. 

1.34 

54.13 

0.5 

2.2 

0.3 

60. 

0.45 

53.4 

1. 

58. 

W,  0.5-1.0;  C0.35 


AI.  0.66 


2.2 

27.5 

5. 

. . . 

12. 

12. 

84. 

12. 

86. 

4. 

84. 

15. 

82.1 

25. 

70. 

1.7 

28.4 

3. 

3. 

. . . 

1. 

4. 

... 

2. 

... 

2. 

... 

.... 

62. 

.... 

68. 

.... 

55.3 

.... 

20. 

.... 

15. 

C.1.2 


20. 


13.1 


Al.  12. 


0.15 

54. 

20.4 

.... 

60. 

24. 

W.  1-2 

11.7 

86.5 

.... 

12. 

85. 

.... 

2. 

84. 

4. 

52.5 

18. 

18. 

67.5 

13. 

AI.  1.25;  Si.O  -^^ 

1.12 

1.1 

3. 

.... 

.... 
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HEAT  RESISTING  ALLOYS. 


Ni 


Cft 


Cu 


Mm 


OmXR  BLBMSNTa 


^^TT* f^lST  *^  iitOOX/C» 

Armstrong 

....      .... 

12. 

BaL 



Si.  5.;  C.0.45 

Calite 

....     35 . 0 

5.0 
13.1 

50.0 
Bal. 

....      0.75 

Al,  10.0. 

CioDnuni .• 

2.0 

Mo.  3.6;  Si.  1.5;  C.  2.6 

doDntun 

....       4.6 

18.5 

Bal. 

2.          2.8 

C.2.0 

Cobidtcrome 

....       .... 

13.6 

79.5 

....       0.2 

Co.3.7;Mo.0.8;Si.0.8;C.1.5 

Duke's  Metal 

....       .... 

11.76 

80.8 

0.2 

Si.  0.6;  C.  1.45;  Co.  4.;  W.  0.35 

Plsme  Resisting 

....       9.7 

14. 

Bal. 

0.77 

Si,  0.2;  C.0.23 

Ltidlum 

13-17 

Bal. 

Si,  1.;  C.  0.4;  Mo.  1 

Monel  Metal. 

Nichrome 

....     70.3 

20. 

6.9 

....       1.9 

Si.  0.5 

Nichrome 

••••     53.7 

16.7 
13.55 

22.4 
4.8 

....       1.4 

Si.  1.0 

Nichxome 

....    ao. 

Si.  1.3 

Nichrome 

60.2 

11. 1 

27.2 

....       1.2 

C.0.3 

Nichrome 

61.2 

9.9 

26.9 

....       1.0 

Si.  0.3 

Nichrome. 

....     64.7 

13.3 
13.2 

6.4 
7.25 

11.           0.63 
3.25      0.2 

Si,  3.36;  C.  0.35 

Nichrome 

70.3 

Si.  3.7;  Mo.  1.33 

Nichrome 

67.8 

11.3 

6.95 

7.1 

Si.  4.65;  ri.0.25 

Nichrome 

62. 

13. 

20. 

....       5.0 

Nickfrl  St««l 

....     30. 

.     1.0 
15.14 

Bal. 
Bal. 

....       1.0 

Resistal 

16.56 

Si.  4.66;  C.  0.3 

Sikshrome 

....        .... 

9.5 

Bal. 

....        .... 

Si.  4. ;C.  0.5 

SikhromeWire 



18. 

BaU 

Si.  3.;  C.0.3:  W.3. 

NON-CORROSIVE  ALLOYS. 


Bark>  (sheet) 

Baric-Metal.  Soft 

Baric-Metal.  Hard 

Borcher's 

Borcher's 

Borcher's 

Borcher's 

Borcher's 

Brix 

Cobaltcrome 

Cobaltcrome 

Cufenium 

Cuniloy 

Delhi 

Duke's  Metal 

Duke's  Metal 

Hasmes  Metal 

Haynes  Metal  Hard 

Hasmes  Metal.  Soft 

Tlimn , 

Krux»p'sVlM 

Knq>p'sV2A 

McParland  and  Harder 

McParlaod  and  Harder 

McPariand  and  Harder 

lAcPariand  and  Harder 

Nevastain 

Noo-Ojodisable,  Lemarquand 
Non-Oxklliable.  Marties'. . . . 

Parr 

Vtn 


Ca 
4.25 

20. 

30. 

30. 

30. 

30. 

36. 

65. 

15-20 

13.6 

30-25 


18. 


Co 

60. 
30. 
35. 
34. 
35. 


Ni 
90. 


35. 
34. 
35. 


Cu 


Pb 


60-75 


3.7 
5-10 


11.8 
20-30 
15. 
10. 
21. 
14.25 
23. 
43. 
30. 
10. 
16. 
9.5 


15. 
18. 


4.7 
5-25 

45. 
62. 


22. 
65. 


62.5 
2.25 
9.5 

46. 

V. 

48. 

29. 


30, 


7.0  39 

35.  17 

80.  5 

66.6  8 


60. 
35. 

79.5 

70-60 

6. 


30. 

89.8 

10-75 


1. 

Bal. 

BaL 


Bal. 
10. 


OTHsa  Blbibnts 
W.  1.2;  Si,  0.3 
W,20. 
W.  25.;  Mn.  10.;  Ti,5. 

Ag.2. 
Mo.  0.5-5 
Mo.  4. 

Si.  4.;  W.  1-4;  Al.  2.;  Ma.  Ti 3;  B.  1 
Mo.  0.84;  Si.  0.8;  C,  1 .5 


Mn.  35.;  Pb  1. 

Si.  1.5;  C.  0.3-0.6;  Ma.  0.3 

W.0.35;  Si.  0.6;  C.  1.45 

W.40. 

W.28. 

Mo.  5;  W.  2;  Mn.  1;  Al,  1. 

C.0.1 

C.0.4 


Si.  3.8;  C.0.43 
Zn.37.;  Sa.9. 
Zn.  18.;Sn.  10. 

W.  3.3;  Al.  2.0;   Mn.  1.;  Ti,  0.2; 
B.  0.2 
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NON-CORROSIVE  ALLOYS  iConlinued), 
Cr 


Sea  Water 1.2 

Sea  Water 

Sideraphite 

Stainless  (Armstrong; 12. 

Stainless  (Brearley; 13 . 

SteUit© 25. 

Stellitc 25. 

StelUt© 15. 

SteUit©.'. 15. 

Stellite 15. 

Stellite 20-23 

StcUite 33.6 

Stellite 26.4 

Stellite 13.2 

Si 

Durircm 14-14.5 

Duriron 14-15 

Corrosimon 

Ironac           \ Similar 

Blianite 


Co 

Ni 

Cu 

Fb 

Other  Blbmbnts 

24. 

.... 

Bal. 

Mn.  0.6;  Si.  0.35;  C,  0.3 

.     16.7 

.... 

Mn.  5.;  Si.  0.3;  C.  0.7 

... 

23. 

5. 

63. 
Bal. 

W,4.;  A1.5. 
Si.  5.;  0,0.45 

BaL 

C.  0.3;  Mn.  0.3 

75. 

-f 

70. 

W.5 

60. 

W.  25 

55. 

.... 

W.  25;  Mo.  5. 

45. 

Mo.  40. 

55. 

3-5 

W,  15-20;  C.  1.5-4.0 

55.6 

.... 

W.9.2;  C.  1.5 

34.5 

10. 

W.  12.5;  Mo.  9.5;  C.  1.8 

60.8 

.... 

0.5 

Mo.  24.1 

Mn 

C 

P                    S 

5      0.25-35 

0.2-6           0 

.16-0.2          0.005 

2-2.5 

0.75-1 

25 

0.05-1         0.05-0.15 

REFERENCES  ON  COMPOSITIONS  OF  ALLOYS. 

1.  Bischoff,  "Das  Kupfer  und  Seine  L^irungen"  (1865). 

2.  Bolley,  "Recherches  Chimiques"  (1869). 

3.  Brannt.  "The  Metallic  Alloys"  (1908). 

4.  Buchanan,  "Practical  Alloying"  (1910). 

5.  Guillet,  "fltudes  Industrielle  des  Alliages  Metalliques"  (1906). 

6.  Guettier,  "Guide  Practique  des  Alliages"  (1865). 

7.  Guettier,  "Manufacture  of  Metallic  Alloys"  (Trans.,  Fesquet)  (1872). 

8.  Herve,  "Alliages  Metalliques." 

9.  Hiorns,  "Mixed  Metals  of  Metallic  Alloys"  (1912). 

10.  Krupp,  "DieLegirungen"  (1890).  (1906). 

11.  Law,  "Alloys  and  Their  Individual  Applications"  (1914). 

12.  Ledebur,  "Die  Metallverarbeitung  auf  Chemisch-physikalischen  Wege." 

13.  Roberts- Austen,  "Introduction  to  Metallurgy." 

14.  Thtu^ton,  "Brasses,  Bronzes  and  Other  Alloys  (III.  Materials  of  Engineering)" 

(1897). 

15.  Kaiser,  "  Zusammensetzung  der  Gebrauchlichen  Metallegierungen,"  MetaUurgie, 

VIII,  pp.  257-296(1911). 

16.  Metals  and  Alloys,  Metal  Industry,  London  (1918). 

17.  Wood,  R.  A.,  "The  Waterbury  Book  of  Alloys." 


Digitized  by 


Google 


DISCUSSION 


Mr.  Robert  Job. — ^As  a  matter  of  information,  I  should  like  to  Mr.  job. 
ask  regarding  the  explanatory  note  to  the  Tentative  Specifications  for 
Seamless  Admiralty  Condenser  Tubes  and  Ferrule  Stock.  Note  1 
reads:  "The  ideal  composition  for  admiralty  metal  is  70  per  cent  of 
copper,  29  per  cent  of  zinc,  and  1  per  cent  of  tin."  I  should  like  to  ask 
whether  it  has  been  foimd  that  an  excess  of  tin  beyond  1  per  cent  is 
objectionable? 

Mr.  W.  H.  Bassett  (Vice-Chairmany  CommiUee  3-2  on  Non-  Mr.  Bmuttt. 
Ferrous  Metals  and  Alloys). — It  has  been  felt  that  both  on  account  of 
facility  in  manufacturing  and  on  accoimt  of  the  quality  of  tubes  which 
would  be  obtained,  that  it  would  be  best  to  have  that  figure  as  nearly 
1  per  cent  as  possible.  A  larger  amount  of  tin  makes  the  manufactur- 
ing difficulties  greater,  and  we  believe  that  the  resistance  to  corrosion 
is  greater  with  about  1  per  cent  of  tin;  therefore  we  tried  to  formulate 
the  specification  so  as  the  secure  as  nearly  1  per  cent  as  possible  with 
the  allowance  of  a  reasonable  variation.  The  requirement  in  specifica- 
tions that  there  should  be  at  least  1  per  cent  of  tin,  makes  it  necessary 
to  always  exceed  1  per  cent,  so  that  the  tin  runs  in  the  neighborhood 
of  1.25  per  cent  and  sometimes  even  more  than  that.  Of  course,  some 
variation  is  necessary,  but  in  order  not  to  have  the  variation  all  above 
and  the  tin  too  high,  the  committee  felt  that  it  was  better  to  allow  a 
slight  leeway  under  1  per  cent  and  thus  come  closer  to  1  per  cent,  the 
desired  standard. 

Mr.'  J.  R.  Onderdonk. — ^As  I  read  the  specifications^  there  is  Mr. 
nothing  to  prevent  putting  5  per  cent  of  tin  in  if  desired.    My  recoUec-  ^»<*«'<*®«*- 
tion  of  Admiralty  metal  is  that  30  years  ago  it  had  5  or  6  per  cent  of 
tin  in  it. 

Mr.  Bassett. — ^Within  my  recollection,  there  has  never  been  Mr.  Bmu«tt. 
anything  like  5  per  cent  of  tin  in  Admiralty  metal;  never  much  more 
than  1  per  cent.  The  actual  variation,  according  to  the  old  specifica- 
tions, where  1  per  cent  minimum  was  specified,  has  usually  been 
between  1  and  1.5  per  cent.  We  believe  that  the  situation  would  be 
best  served  by  allowing  a  small  leeway  under  the  1  per  cent,  the 
minimum  being  set  at  0.9  per  cent.  We  do  not  think  an  upper  limit 
in  the  q)ecifications  necessary.  No  one  would  put  in  any  more  tin 
than  he  had  to,  as  no  useful  purpose  would  be  served.  We  have 
behind  us  the  Navy  Department  specifications  which  have  been  in 
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use  a  great  many  years  and  also  a  number  of  other  specifications  along 
the  same  lines.  The  Navy  Department  specifications  require  a  min- 
imimi  of  1  per  cent  and  no  maximum  is  given. 

Mr.  cumer.  Mr.  G.  H.  Clamer. — The  Corrosion  Committee  of  the  British 

Institute  of  Metals  some  years  ago,  I  believe,  came  to  the  conclusion 
that  a  certain  percentage  of  lead  in  the  tube  was  desirable  from  the 
standpoint  of  resisting  corrosion,  and  I  should  like  to  know  whether 
that  is-really  borne  out  in  the  light  of  the  present  experience,  and  if  so, 
whether  the  present  committee  has  given  that  matter  consideration. 

Mr.  Bau«tt.  Mr.  Bassett. — ^An  alloy  with  lead  in  it  would  not  be  considered 

Admiralty  m^tal.  It  would  require  a  separate  specification  as  another 
alloy,  if  its  use  were  to  be  considered.  Tubes  made  in  England  with 
lead  instead  of  tin  in  several  instances  were  imported  into  this  country 
with  the  idea  that  they  would  be  better  than  Admiralty,  but  were 
found  to  be  very  much  inferior  to  it  in  their  resistance  to  corrosion. 
The  use  of  such  tubes  has  made  no  headway,  although  they  were 
proposed  six  or  eight  years  ago.  They  have  not  proved  to  be  satis- 
factory under  our  conditions. 
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REPORT  OF  COMMITTEE  C-1 

ON 

CEMENT. 

Committee  C-1  has  the  pleasure  of  reporting  to  the  Society  that 
its  efforts  in  behalf  of  one  generally  accepted  '^Specifications  and  Tests 
for  Portland  Cement"  have  been  rewarded  by  having  had  the  Standard 
Specifications  and  Tests  for  Portland  Cement  (C  9  -  21),  as  adopted 
by  the  Society,  accepted  as  ''American  Standard  Specification  No.  1 '' 
by  the  American  Engineering  Standards  Committee. 

It  is  not  the  desire  or  intention  of  Committee  C-1  to  rest  on  this 
honor  but  it  has  planned  to  continue  its  research  work  along  further 
lines,  to  consider  fully  suggestions  regarding  methods  of  tests,  to  study 
the  effects  that  admixtures  used  with  cement  may  have  upon  cement 
when  in  concrete,  and  to  also  investigate  further  the  qualities  and 
what  constitute  the  qualities  of  portland  cement 

In  order  to  plan  a  scope  of  research  along  this  latter  line  of  study 
a  special  sub-committee  is  developing  an  outline  for  such  intensive 
investigation. 

It  was  hq>ed  that  Committee  C-1  could  make  at  this  meeting  of 
the  Society  positive  recommendations  regarding  the  Tentative  Speci- 
fications and  Tests  for  Compressive  Strength  of  Portland-Cement 
Mortars  (C  9  -  16  T),  The  committee  feels,  however,  that  further 
studies  should  be  made  in  regard  to  the  strength  requirements  before 
making  positive  recommendations  and  it  has  therefore  outlined  a 
series  of  tests  that  will  involve  the  testing  of  portland  cements  made 
from  all  kinds  of  materials  and  made  in  all  parts  of  this  coimtry  and 
Canada.  The  committee  feels  that  the  present  standard  for  portland 
cement  is  the  means  of  securing  a  satisfactory  cement  and  to  continue 
the  same  standard  requirements  by  means  of  compression  rather  than 
tension  tests  would  mean  that  equal  demands  as  to  quality  should  be 
made  in  the  requirements.  The  committee  therefore  asks  that  the 
Tentative  Specifications  and  Tests  for  Compressive  Strength  of 
Portland-Cement  Mortars  be  continued  as  tentative  by  the  Society 
imtn  these  further  studies  have  been  completed.  The  committee 
also  again  requests  that  comparative  data  on  tension  and  compression 
tests  be  sent  to  the  conmiittee  for  study  in  connection  with  the  pro- 
posed requirement 
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The  committee  also  realizes  that  the  methods  of  tests  outlined 
in  the  standard  specifications,  may  not  be  thoroughly  understood,  or 
its  details  fully  appreciated,  by  new  and  inexperienced  laboratory 
operators,  so  it  proposes  to  prepare  and  to  publish  a  hand-book  which 
will  be  of  service  toward  producing  more  uniform  and  concordant 
results  between  operators  and  laboratories. 

This  report  has  been  submitted  to  letter  ballot  of  the  conmaittee, 
which  consists  of  61  members,  of  whom  54  have  voted  affirmatively, 
none  negatively,  and  7  have  refrained  from  voting. 

Respectfully  submitted  in  behalf  of  the  committee, 

Russell  S.  Greenman, 
Chairman. 
P.  H.  Bates, 

Secretary. 
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REPORT  OF  COMMITTEE  C-2 

ON 

REINFORCED  CONCRETE. 

Committee  C-2  on  Reinforced  Concrete  has  held  meetings  on 
October  28,  December  21,  1921,  March  9,  and  June  3,  1922,  at  which 
it  devoted  its  efforts  to  the  preparation  of  the  Proposed  Tentative 
Rules  for  the  Inspection  of  Concrete  and  Reinforced  Concrete  Work 
which  are  herewith  submitted^  with  the  recommendation  that  they  be 
accepted  for  publication  as  tentative  by  the  Society,  and  to  a  discus- 
sion of  the  Tentative  Specifications  for  Concrete  and  Reinforced 
Concrete  appearing  in  the  Progress  Report  of  the  Joint  Conunittee  on 
Standard  Specifications  for  Concrete  and  Reinforced  Concrete,  and 
has  transmitted  to  the  Executive  Conunittee  of  the  Society  its  sug- 
gested additions  to  and  corrections  of  the  specifications. 

Ten  members  of  Committee  C-2  are  members  of  the  Joint  Com- 
mittee on  Standard  Specifications  for  Concrete  and  Reinforced  Con- 
crete and  they  have  actively  participated  in  the  Joint  Committee's 
work  and  its  meetings  held  on  October  4  and  5,  December  9,  1921, 
February  17,  and  June  1  and  2,  1922. 

These  members  attended  the  six  sessions  of  the  American  Society 
of  Civil  Engineers  held  in  New  York  City  on  December  7  and  8,  1921, 
and  the  two  sessions  of  the  American  Concrete  Institute,  held  in 
Cleveland,  Ohio,  on  February  16,  1922,  at  which  the  Tentative 
Specifications  for  Concrete  and  Reinforced  Concrete  were  discussed. 
In  addition  these  members  have  also  participated  in  the  work  and 
attended  meetings  of  the  various  sub-committees  of  the  Joint 
Committee. 

This  report  has  been  submitted  to  letter  ballot  of  the  com- 
mittee, which  consists  of  22  members,  of  whom  17  have  voted 
affirmatively,  none  negatively,  and  5  have  refrained  from  voting. 

Respectfully  submitted  on  behalf  of  the  committee, 

'RiCHAKD  L.  Humphrey, 

Chairman. 

S.   C.   HOLLISTER, 

Secretary, 

Editorial  Note. 

The  proposed  Tentative  Rules  for  Inspection  of  Concrete  and 
Reinforced  Concrete  Work  referred  to  in  this  report  were  accepted 
for  publication  as  tentative  and  appear  on  page  734. 

» See  p.  734.— Ed, 
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REPORT  OF  COMMITTEE  C-3 

ON 

BRICK, 

The  activity  of  Committee  C-3  during  the  past  year  is  probably 
best  illustrated  by  the  fact  that  since  the  last  meeting  of  the  Society 
we  have  doubled  our  membership,  and  organized  six  new  sub-com- 
mittees. 

The  long  standing  conflict  between  Committees  C-3  on  Brick  and 
Committee  D-4  on  Road  Materials  as  to  jurisdiction  over  paving  brick 
has  finally  been  adjusted  by  the  election  of  a  member  of  Committee 
D-4  to  membership  on  Committee  C-3. 

A  Conference  on  Elimination  of  Unnecessary  Sizes  and  Types  of 
Paving  Brick  has  been  organized  by  the  Department  of  Commerce. 
On  recommendation  of  Committee  C-3,  Mr.  Blair  has  been  appointed 
by  the  Society  to  represent  it  on  this  Conference.  The  Conference 
has  recommended  the  reduction  of  the  present  66  sizes  and  types  of 
paving  brick  to  the  following  seven: 

Width,      Dspth,     Lsmoih, 
In.  In.  In. 

Plain  wire-cut  brick  (vertical  fiber,  lugless) 3  4  S\ 

"        "  "      3J  4  8i 

Repressed  lug  brick 3i  4  8i 

Wire-cut  lug  brick  (Dunn) 3J  3  s\ 

"      "  " 3i  3J  8i 

"      3J  4  8i 

Hillside  lug  brick  (repressed) 3}  4  8i 

The  sizes  stated  above  are  to  be  regarded  as  nominal  and  subject  to 
the  usual  variation  of  }  in.  in  width  and  depth,  and  ^  in.  in  length. 
It  is  the  recommendation  of  this  committee  that  the  action  of  the 
Conference  be  formally  approved  by  the  Society,  and  the  sizes  enum- 
erated above  be  included  in  our  Standard  Specifications  for  Paving 
Brick  (C  7-15).*  The  letter  ballot  of  the  committee  on  this  recom- 
mendation resulted  as  follows:  Affirmative,  21;  negative,  0;  not 
voting,  2. 

The  Tentative  Specifications  for  Clay  Sewer  Brick  (C  32  -  21  T) 
have  been  discussed  at  some  length,  and  several  changes  seem  to  be 

■  1921  Book  of  A.8.T.M.  Standudfc 
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desirable.  However,  the  discussion  is  still  in  active  progress,  and  it 
therefore  seems  inadvisable  to  make  any  changes  at  this  time.  It  is 
therefore  recommended  that  these  specifications  be  continued,  without 
change,  as  tentative  for  another  year. 

The  committee  is  now  oiganized  to  prq>are  q>ecifications  for 
sewer  bri(^  of  material  other  than  clay,  should  the  need  for  such 
specifications  arise. 

Some  criticisms  have  been  received  of  our  Standard  Specifications 
for  Building  Brick  (C  21-20).  While  these  are  being  given  due 
consideration,  it  is  not  desirable  to  recommend  any  changes  at  this 
time. 

In  accordance  with  the  reconmiendation  of  the  Executive  Com- 
mittee, this  committee  has  enlarged  its  personnel  and  taken  jurisdic- 
tion over  concrete  brick.  Tentative  Specifications  for  Concrete 
Building  Brick  were  prepared  by  a  sub-committee.  On  reference 
to  letter  ballot  of  the  committee,  the  vote  was  as  follows:  Affirma- 
tive, 10;  negative,  12.  This  action  of  the  committee  to  fail  to 
recommend  the  tentative  specifications  for  acceptance  was  appar- 
ently prompted  by  a  desire  for  more  information  about  concrete 
brick  and  for  the  time  to  study  the  proposed  specifications.  The 
specifications  were  therefore  referred  back  to  the  sub-committee, 
together  with  the  data  on  which  the  specifications  were  based. 

This  report  has  been  submitted  to  letter  ballot  of  the  committee, 
which  consists  of  23  members,  of  whom  20  have  voted  affirmatively, 
none  negatively,  and  3  have  refrained  from  voting. 

Respectfully  submitted  on  behalf  of  the  committee, 

T.  R.  Lawson, 
W.  E.  Emley,  Chairman. 

Secretary. 


Editorial  Note. 

The  proposed  revisions  of  the  Standard  Specifications  for  Paving 
Brick  referred  to  in  this  report  were  accepted  for  publication  as 
tentative  and  appear  on  page  986. 
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REPORT  OF  COMMITTEE  C-4 

ON 

CLAY  AND  CEMENT  SEWER  PIPE. 

Since  the  last  annual  meeting,  Committee  C-4  has  held  two 
meetings,  both  well  attended. 

The  committee  gave  consideration  to  revising  the  definitions  of 
terms  Clay,  Fire-Clay,  and  Shale  appearing  in  the  Standard  Specifi- 
cations for  Clay  Sewer  Pipe  (C  13  -  20)  and  is  cooperating  with  Com- 
mittee E-8  on  Nomenclature  and  Definitions  in  the  preparation  of 
definitions  of  these  terms. 

The  matters  now  principally  engaging  the  attention  of  the  sub- 
committees are  briefly: 

Sub'CommiUee  I  on  Absorption  and  Hydrostatic  Pressure  Test 
Requirements. — ^This  sub-committee  is  giving  further  consideration  to 
test  methods. 

Sub-Committee  II  on  Chemical  Requirements. — ^At  a  meeting  of 
the  committee  on  January  17,  1922,  this  sub-committee  was  reorga- 
nized and  was  requested  to  report,  at  the  time  of  the  annual  meeting, 
reconmiendations  covering  the  advisability  of  continuing  the  work  of 
this  sub-committee  and,  in  the  event  of  a  favorable  report,  the  nature 
of  the  work  which  should  be  imdertaken. 

Sub-Committee  III  on  Dimensions  and  Their  Permissible  Varia- 
tions.— ^This  sub-committee  will  consider  and  report  on  suggestions 
which  have  been  made  for  another  class  of  sewer  pipe  in  certain 
sizes. 

Sub-Committee  IV  on  Methods  of  Testing  will  cooperate  with 
Committee  E-1. 

Sub-Conunittee  V  on  Nomenclature  and  Definitions  will  co- 
operate with  Committee  E-8. 

It  is  recommended  that  the  Tentative  Specifications  for  Required 
Safe  Crushing  Strengths  of  Sewer  Pipe  to  Carry  Loads  from  Ditch 
Filling  (C  15  - 17  T)  be  continued  as  tentative  for  another  year. 

The  chairman  of  the  committee,  being  obliged  to  go  to  Europe 
for  an  indefinite  period,  presented,  in  January,  1922,  his  resignation. 
The  committee  voted,  however,  to  take  no  action  prior  to  the  time  of 
the  annual  meeting. 
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This  report  has  been  submitted  to  letter  ballot  of  the  committee, 
which  consists  of  27  members,  of  whom  24  have  voted  affirmatively, 
none  negatively,  and  3  have  refrained  from  voting. 

Respectfully  submitted  on  behalf  of  the  committee, 

Rudolph  Hering, 
Chairman, 
George  T.  Hammond,  A.  J.  Provost,  Jr., 

Secretary.  Vice-Chairman. 
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ADDENDUM  TO  REPORT  OP  COMMITTEE  04. 

At  a  meeting  of  Committee  C-4  held  on  Thursday,  June  29, 1922, 
prior  to  the  presentation  of  its  annual  report  to  the  Society,  revisions 
of  the  Standard  Specifications  for  Clay  Sewer  Pipe  (C  13  -  20)^  and 
of  the  Standard  Specifications  for  Cement-Concrete  Sewer  Pipe 
(C  14  -  20)^  were  recommended  by  unanimous  action  to  be  presented 
to  the  Society  in  connection  with  the  printed  report  of  the  committee. 
The  revisions  recommended  to  be  made  are  identical  in  the  two 
specifications  and  are  as  follows: 

SecUon  ff.— Omit  the  last  sentence.  Add  to  the  preceding  sen- 
tence the  words  "except  that  in  no  case  shall  the  number  of  specimens 
furnished  be  less  than  five.'' 

Tablb  n.— Phtsical  Tbst  Rbquxebmbhts  op  Sbwer  Fife. 
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Section  7. — Insert  after  the  word  "test"  in  the  seventh  line,  the 
words  "without  charge."  Omit  the  words  "without  charge"  in  the 
eighth  line  and  substitute  the  words  "to  be  selected  as  specified  in 
Section  6."    Add  a  new  paragraph  to  read  as  follows: 

''In  addition  to  the  foregoing  requirements,  failure  of  individual  specimens 
to  develop  75  per  cent  of  the  average  crushing  strength  requirements  shall  be 
cause  for  rejection  of  the  shipment,  but  the  seller  may  cull  the  pipe  and  submit 
the  balance  of  the  shipment  for  re-test,  and,  if  the  shipment  then  passes  all 
of  the  requirements  of  these  spedfications,  it  shall  be  accepted.^^ 


^  1921  B4Mk  or  A.8.T.M.  SteadMdi. 
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Section  11. — Omit  the  portion  of  the  last  sentence  reading  as 
follows: 

"and  by  then  multiplying  the  quotient  by  the  following  factors: 

For  knife  or  two-edge  bearings ^ 

**    three-edge  bearings ^ 

"    sandbeanngs 1.00" 

Table  I  J. — Amend  Table  II  to  read  as  indicated  in  the  accom- 
panying table. 

Respectfully  submitted, 

Rudolph  HERiNGy 

Chairman. 

George  T.  Hambcond,  A.  J.  Provost,  Jr. 

Secretary.  Vice-chairman. 


Editorial  Note. 

The  proposed  revisions  of  the  Standard  Specifications  for  Clay 
Sewer  Pipe  and  of  the  Standard  Specifications  for  Cement-Concrete 
Sewer  Pipe  as  given  in  the  Addendum  to  this  report  were  referred 
to  letter  ballot  of  the  committee  subsequent  to  the  annual  meeting. 
This  ballot  resulted  as  follows:  Affiimative,  18;  negative,  0;  not 
voting,  9.  The  revisions  were  accordingly  accepted  for  publication 
as  tentative  and  appear  on  pages  986  and  987,  respectively. 
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REPORT  OF  COMMITTEE  C-5 

ON 

FIREPROOFING. 

Committee  C-5  on  Fireproofing  presents  for  the  first  time  in 
several  years,  a  report  with  recommendations  for  revisions  in  the 
present  Standard  Specifications  for  Fire  Tests  of  Materials  and 
Construction  (C  19  -  18).*  The  work  of  this  committee  was  practically 
suspended  for  a  few  years,  pending  an  investigation  on  the  resistance 
to  fire  of  columns  of  different  types  and  various  methods  of  protection, 
made  at  the  Underwriters'  Laboratories  in  Chicago,  under  the  joint 
auspices  of  the  Associated  Factory  Mutual  Fire  Insurance  Companies, 
the  National  Board  of  Fire  Underwriters,  and  the  U.  S.  Bureau  of 
Standards,  Department  of  Commerce.  The  tests  were  made  during 
the  years  1917  to  1919,  and  the  results  of  these  tests  are  embodied  in 
a  report  issued  jointly  by  the  three  sponsors  some  time  early  in  1920. 
Sufficient  time  had  not  elapsed  after  the  publication  of  the  report  for 
consideration  of  the  results  and  the  preparation  of  recommendations 
by  this  committee  for  presentation  last  year. 

The  committee,  in  the  consideration  of  the  changes  that  are 
recommended  below  and  the  formulation  of  the  additional  matter, 
invited  to  confer  with  it  those  representatives  of  other  interests  who 
had  taken  part  and  assisted  in  the  preparation  of  the  original  specifica- 
tions that  were  adopted  in  1918  under  the  serial  designation  C  19  -  18. 
•  The  committee  is  especially  indebted  to  S.  H.  Ingberg  of  the 
Bureau  of  Standards,  Washington,  D.  C,  for  the  great  interest  he 
has  shown  in  this  work,  and  the  assistance  he  has  given  the  conmiittee 
in  the  preparation  of  the  additional  specifications.  Mr.  Ingberg  was 
closely  identified  with  the  fire  tests  of  building  columns  above  referred 
to,  as  the  representative  of  the  Bureau  of  Standards,  during  the 
entire  period  of  the  investigation.  His  great  familiarity  with  all  the 
details  of  that  work  and  his  thorough  study  of  the  results  have  qualified 
him  more  than  any  other  man,  to  outline  the  specifications  for  such 
tests. 

Five  new  sections  covering  the  method  for  testing  columns  have 
been  prepared  by  the  committee  to  be  added  under  the  general  head 
"VIII.  Column  Tests."  The  experience  gained  during  the  inves- 
tigation on  columns  indicated  that  certain  changes  in  the  existing 
specifications  were  desirable.     Careful  consideration  has  been  given 

1 1921  Book  of  A.S.T.M.  Standards. 
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to  recommendations  made  by  Mr.   Ingberg  in  this  respect,  and 
changes  are  herewith  submitted. 

The  proposed  new  matter  relating  to  column  tests  seems  suffi- 
ciently self-explanatory  to  require  no  further  comment  The  proposed 
sections  are  as  follows: 

19.  Size  of  Sample, — For  column  tests,  the  length  of  the  column  exposed 
to  fire  shall  appzx)ximate  the  clear  length  of  the  member  in  the  structure,  and 
for  building  columns  shall  be  not  less  than  9  ft.  The  outside  lateral  dimen- 
sion shall  be  the  minimum  for  which  classification  is  desired.  The  details  of 
construction,  and  exposed  connections  and  protection,  if  any,  shall  be  applied 
according  to  the  meliiods  of  acceptable  field  practice. 

20.  Loading. — During  the  fire  test  and  the  fire  and  water  test,  a  constant 
working  load  shall  be  applied  to  the  column,  calculated  according  to  the  gov- 
erning design  regulations.  Provisions  shall  be  made  for  transmitting  the  load 
to  the  exposed  portion  without  imduly  increasing  the  effective  column  length. 

21.  Measurements. — Measurements  shall  be  made  of  the  expansion  or 
depressiott  at  the  head  of  the  coliunn  and  determination  of  the  period  of  ex- 
pansion. Such  other  measurements  shall  be  made  of  deformation  and  of 
temperature  of  the  column  as  will  give  the  most  useful  information  for  the 
given  column  type. 

22.  Position  of  Nozzle. — The  distance  of  the  nozzle  from  the  column  during 
the  application  of  water  shall  be  20  ft.,  the  water  being  applied  in  succession,  as 
unifonnly  as  possible,  over  the  full  height  on  three  of  its  sides. 

23.  Conditions  of  Acceptance. — The  test  shall  not  be  regarded  as  successful 
unless  the  following  conditions  are  met: 

(a)  The  column  shall  have  sustained  the  full  working  load  during  the 
fire  test  for  a  period  equal  to  — ^  times  that  for  which  classification  is  desired. 

(b)  The  column  shall  have  sustained  the  full  working  load  during  the 
fire  stream  test  as  prescribed  in  Sections  7  and  8,  and  after  its  completion  and 
when  cold  shall  sustain  a  total  load  eqtial  to  the  dead  load  component  plus 
twice  the  live  load  component  of  its  design  working  load. 

(c)  After  the  fire  stream  test  the  column  when  dry  shall  withstand,  under 
working  load,  a  fire  test  of  duration  equal  to  — ^  of  the  period  for  which 
classification  is  desired,  but  not  exceeding  one  hour. 

.  The  proposed  changes  in  the  existing  specifications  are  as  follows: 

Section  2.  (a). — Change  to  read  as  follows  by  the  addition  of 
the  italicized  words  and  the  omission  of  the  words  in  brackets: 

"The  temperature  fixed  by  the  curve  shall  be  deemed  to  be  the  average 
[true]  temperature  [of  the  ftmiace  gases  as]  obtained  from  the  readings  of 
several  thermo-couples  (not  less  than  three)  symmetrically  disposed  and  distrib- 
uted [in  such  a  manner  as]  to  show  [temperattires  of  the  gases]  the  temperature 
near  all  parts  of  the  sample,  said  thermo-couples  being  enclosed  in  sealed  porcelain 
tubes  of  *l ^n.  outside  diameter  and  ^/g-in.  wall  thickness,  the  immersion  of  the 
couple  in  the  furnace  chamber  to  be  not  less  than  12  in.  Other  types  of  protecting 
tubes  or  pyrometers  may  be  uscd  that  under  test  conditions  give  the  same  indica- 

^  The  quantity  to  be  inserted  in  this  blank  space  will  be  supplied  by  the  committee  when  the 
information  is  available. 
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Uons'as  the  abovt  standard  wUMn  the  UmU  of  accuracy  that  applies  far  furnace 
temperature  measurements. 

^^Par  greater  diJFerence  of  design  and  siu,  the  time  temperature  curve 
faUawed  shall  be  modified  to  give  an  exposure  equal  to  that  obtained  by  using  the 
standard  pyrometer  and  curve  above  described.*' 

Experience  in  the  tests  on  columns  has  shown  that  according  to 
the  type  of  thermo-couple  used,  more  or  less  difficulty  is  experienced 
in  securing  the  true  temperature  at  any  one  time.  In  certain  tests, 
the  casing  around  the  thermo-couple  must  be  of  greater  strength 
than  in  others,  and  the  time  required  to  get  the  outer  temperature 
reading  is  dependent  on  the  conductivity  of  the  materials  that  form 
the  casing  of  the  thermo-couple.  In  other  words,  until  the  casing 
itself  has  been  thoroughly  heated  through  so  as  to  have  the  tempera- 
ture of  the  interior  of  the  furnace,  the  thermo-couple  records  a  lower 
temperature.  There  are  also  radiation  effects  which  are  dependent 
mainly  upon  the  size  of  mounting. 

Section  6. — Change  to  read  as  follows  by  the  addition  of  the 
italicized  words  and  the  omission  of  the  words  in  brackets: 

''The  fire  test  on  the  sample  with  its  applied  load,  if  any,  shall  be  continued 
until  failure  occurs,  or  until  it  has  withstood  the  test  conditions  for  a  period 
equal  to  [li  times  that  for  which  classification  is  desired]  that  herein  specified 
in  the  Conditions  of  Acceptance  for  the  given  type  of  construction." 

It  was  thought  better  to  give  the  time  factor  for  each  type  of 
construction  tested  under  the  specified  conditions  of  acceptance  m 
each  case. 

Section  7. — Change  to  read  as  follows  by  the  addition  of  the 
italicized  word  and  the  omission  of  the  word  in  brackets: 

''A  second  test  with  duplicate  sample  shall  be  made  to  determine  the  effect 
of  a  hose  stream  on  a  sample  under  fire  test,  the  water  being  applied  at  the  end 
of  a  period  equal  to  [three-fourths]  one-half  of  that  for  which  classification  is 
desired,  but  not  later  than  one  hour  after  the  beginning  of  the  test;  except  that 
for  daKification  periods  of  one-half  hour  or  less  the  fire  stream  test  may  be 
omitted. 

It  is  thought  that  the  shorter  fire  exposure  heiort  water  applica- 
tion is  more  nearly  representative  of  the  time  water  will  be  applied, 
if  at  all,  in  actual  fires. 

Table  I. — Change  Table  I,  referred  to  in  Section  8,  to  read  as 
indicated  in  the  accompanying  Table  I  by  the  addition  of  the 
itaUdzed  word  and  figures  and  the  omission  of  the  word  and  figures 
in  brackets. 

It  was  considered,  in  the  light  of  more  recent  experience,  that  the 
time  of  application  of  the  water,  especially  as  given  for  floors  and  roofs, 
was  unnecessarily  long. 
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Section  9. — Change  to  read  as  follows  by  the  addition  of  the 
italicized  words  and  the  omission  of  the  words  in  brackets,  changing 
the  side  heading  from  "Loading"  to  "Loading  and  Additional  Tests": 

"For  any  material  or  construction  intended  to  cany  load  other  than  its 
own  weight,  ^e  full  [rated  safe]  working  load  shall  be  applied  during  the  entire 
fire  test,  also  during  the  fire  stream  test.  After  completion  of  the  fire  stream 
test,  the  sample  shall  be  subjected  to  [excess  loading  as  prescribed  under  specifica- 
tions for  the  different  structural  parts]  additional  tests  as  herein  specified  in  the 
Conditions  of  Acceptance  far  the  given  type  of  construction, " 

The  committee  feels  that  the  time  of  testing  specunens  should 
be  a  matter  of  general  application.    It,  therefore,  proposes  a  new 

Table-  I. 
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Section  10,  mider  the  sub-division  "Conduct  of  Fire  Tests,"  entitled 
"Time  of  Testing,"  to  read  as  follows: 

''The  material  or  construction  shall  not  be  tested  until  a  large  proportion 
of  its  final  strength  has  been  attained  and  the  excess  of  free  water  has  been 
given  off.  Where  this  cannot  be  attained  within  40  da3rs,  artificial  drying  with 
air  temperature  not  exceeding  100®  F.  shall  be  used. " 

Section  10. — Renumber  the  present  Section  10  to  Section  12. 
Section  11. — Omit  this  section  reading  as  follows: 

"The  floor  or  roof  may  be  tested  as  soon  after  construction  as  desired, 
but  within  40  days.    Artificial  drying  will  be  allowed  if  desired. " 

Section  12. — ^Transfer  this  section,  placing  it  imder  the  sub- 
division "Conduct  of  Fire  Tests,"  renumbering  it  Section  11. 

Section  14» — Change  the  side  heading  to  read  "  Conditions  of 
Acceptance. 
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Section  H.  (a). — Change  to  read  as  follows  by  the  omission  of 
the  words  in  brackets: 

"The  fioor  or  roof  shall  have  sustained  safely  the  full  [rated  safe]  working 
load  during  the  fire  test  without  passage  of  flame  for  a  period  equal  to  \\  times 
that  for  which  classification  is  desired. " 

An  examination  of  the  results  of  tests,  more  especially  in  the 
case  of  columns,  shows  that  the  time  rating  based  on  a  period  equal 
to  one  and  one-fourth  times  that  for  which  the  classification  is  desired, 
will  in  some  cases  give  a  higher  rating  than  the  shortest  duration 
developed  in  some  of  the  tests  entering  into  the  determination  of 
the  average.  For  this  reason,  it  was  felt  that  this  factor  of  one  and 
one-fourth  should  be  changed  in  all  cases  to  one  and  one-half. 

Section  18. — Change  the  side  heading  to  read  '^  Conditions  of 
Acceptance." 

The  committee  reconunends  the  adoption  of  the  additional 
sections  reported  above,  and  of  the  revisions  of  the  existing  sections 
as  outlined.  The  committee  further  recommends  that  these  additions 
and  changes  be  printed  as  tentative,  so  that  the  committee  may 
have  the  benefit  of  criticism  and  discussion  that  may  develop  in  the 
course  of  the  next  year. 

As  the  existing  standard  specifications  have  been  approved  as 
a  Tentative  American  Standard  by  the  American  Engineering 
Standards  Conunittee,  any  changes  in  the  Specifications  must  have 
the  approval  of  that  organization.  Therefore,  in  order  to  proceed 
with  the  work  in  conformity  with  the  Rules  of  Procedure  of  the 
A.E.S.C,  the  committee  recommends  that  the  Executive  Committee 
of  the  Society  present  these  suggested  revisions  to  the  A.E.S.C.  for 
consideration,  with  the  request  that  the  A.S.T.M.  be  appointed  as  the 
sponsor  body  for  the  purpose  of  coordinating  all  interests  in  this 
subject  and  further  developing  the  proposed  revisions. 

This  report  has  been  submitted  to  letter  ballot  of  the  committee, 
which  consists  of  14  members,  of  whom  10  have  voted  aflirma- 
tively,  none  negatively,  and  4  have  refrained  from  voting. 

Respectfully  submitted  on  behalf  of  the  committee, 

Ira  H.  Woolson, 
Rudolph  P.  Miller,  Chairman. 

Secretary.     

Editorial  Note. 
The  proposed  revisions  of  the  Standard  Specifications  for  Fire 
Tests  of  Materials  and  Construction  referred  to  in  this  report  were 
accepted  for  publication  as  tentative  and  appear  on  page  988. 
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REPORT  OF  COMMITTEE  C-6 

ON 

DRAIN  TILE. 

Committee  C-6  has  held  two  meetings  during  the  year:  one  at 
Asbury  Park,  N.  J.,  at  the  time  of  the  annual  meeting  of  the  Society, 
and  the  other  in  Chicago,  April  8,  1922. 

Professor  A.  N.  Talbot,  a  member  of  the  committee  since  its  first 
organization,  has  resigned  during  the  year  owing  to  great  pressure  of 
similar  duties,  and  the  committee  has  felt  that  his  splendid  service 
has  earned  him  the  right  to  have  his  wishes  in  the  matter  respected. 
At  the  meeting  in  Chicago  the  committee  requested  the  chairman  to 
write  Professor  Talbot  expressing  deep  appreciation  of  his  service 
during  the  past  years. 

Mr.  J.  T.  Stewart,  who  has  served  as  secretary  of  the  committee 
since  its  organization,  has  recently  severed  his  connection  with  the 
Portland  Cement  Association,  whidi  he  represented  on  the  committee. 
The  committee  expresses  deep  regret  at  losing  his  services  as  secretary. 

The  committee  recommends  no  changes  in  the  Standard  Speci- 
fications for  Drain  Tile  (C  4  -  21). 

During  the  year  the  Standard  Specifications  for  Drain  Tile  have 
been  under  consideration  by  the  American  Engineering  Standards 
Committee  and  were  adopted  on  March  23,  1922,  as  "Tentative 
American  Standard. " 

In  its  1921  report,  Committee  C-6  announced  a  general  program 
of  research  investigation  on  the  development  of  chemical  tests  and 
chemical  test  requirements  for  drain  tile  to  determine  their  resistance 
to  the  action  of  alkalis  and  adds  in  the  soil.  The  committee  would 
now  report  progress  on  the  various  experimental  researches  which 
are  imder  way  with  general  coordination  by  Committee  C-6,  as  follows: 

1.  The  Iowa  Engineering  Eiq)eriment  Station  has  conducted 
active  work  during  the  year  in  the  effort  to  determine  practicable 
laboratory  chemical  tests  of  drain  tile.  This  work  was  carried  on  by 
Mr.  W.  J.  Schlick,  Drainage  Engineer  of  the  Experiment  Station  Staff, 
who  reports  concerning  his  work  as  follows: 

In  order  to  correlate  the  results  of  laboratory  investigations  with  those  of 
field  trials,  pieces  from  reserve  tile  from  the  stock  prepared  by  the  Bureau  of 
Standards  for  their  field  investigations  (started  in  1912)  were  used.    The^prin- 
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cipal  studies  have  been  of  the  chemical  action  of  solutions  of  various  salts  com- 
mon to  natural  alkalis.  One  piece  from  each  of  five  tile  from  15  of  the  21  series 
prepared  by  the  Bureau  of  Standards  has  been  immersed  in  the  following  solu- 
tions: 15,  10,  5  and  2-per-cent  solutions  of  sodiiun  sulfate;  15  and  10-per-cent 
solutions  of  magnesium  sulfate;  a  10-per-cent  solution  of  sodium  and  of  mag- 
nesium chlorides;  and  a  15-per-cent  solution  of  sodium  carbonate.  The  com- 
parative effects  of  the  standard  boiling  absorption  test  and  a  72-hour-immersion 
absorption  test  on  the  action  in  a  10-per-cent  solution  of  sodium  sulfate  were 
studied. 

The  combined  physical  and  chemical  effect  of  alternate  wetting  and  drying 
in  alkali  soils  was  studied  with  another  set  of  pieces  by  alternately  immersing 
them  in  a  15-per-cent  solution  of  soditun  sulfate  and  drying  in  various  ways. 

The  results  so  far  obtained  may  be  summarized  as  follows: 

1.  The  pieces  in  the  sodium  and  magnesium  sulfate  solutions  were  attacked 
in  much  the  same  ratio  as  were  the  tile  in  the  field.  (See  Technologic  Papers 
Nos.  44  and  95,  U.  S.  Bureau  of  Standards.)  The  actions  by  the  magnesitmi 
sulfate  were  more  rapid  than  those  of  any  other  solutions,  and  the  higher  con- 
centrations of  both  sodium  and  magnesium  sulfate  solutions  were  the  more 
effective. 

2.  The  specimens  in  the  combined  physical  and  chemical  test,  except  those 
from  tile  of  series  15  which  were  made  with  a  sand-cement,  were  attacked  in 
much  the  same  order  as  those  in  the  chemical  tests  using  sulfate  solutions. 
The  action  in  this  test  was  more  rapid  than  that  where  there  was  only  chemical 
action,  and  the  appearance  of  the  attacked  specimens  clearly  indicate  physical 
disrupting  forces. 

3.  No  action  was  visible  after  immersion  for  nine  months  in  the  chloride 
solutions  or  for  twelve  weeks  in  the  solution  of  sodium  carbonate. 

4.  Some  of  the  treatments  are  worthy  of  consideration  for  adoption  as 
test  methods  for  application  to  the  prod^pt  of  a  factory,  but  require  too  much 
time  and  expense  for  use  in  accepting  or  rejecting  individual  samples  of  tile. 

5.  These  studies  have  shown,  as  a  general  relation  between  the  rapidity 
of  attack  in  any  of  the  solutions  and  the  readily  determined  physical  properties 
of  the  tile,  that  the  stronger,  more  dense  tile  are  the  more  durable.  However, 
the  variations  in  the  physical  properties  of  individual  specimens  are  such  as  to 
present  many  ax>parent  contradictions  of  the  general  law. 

Mr.  Schlick  will  continue  his  work  during  the  coming  year  and 
will  extend  it  to  investigation  into  possible  laboratory  tests  of  the 
resistance  of  tile  to  organic  acids. 

2.  The  most  extensive  research  into  the  resistance  of  concrete  to 
alkali  attack  is  being  carried  on  by  the  Structural  Materials  Research 
Laboratory  of  the  Lewis  Institute.  Professor  Abrams,  in  charge  of 
the  laboratory,  reports  thereon  as  follows: 

Our  investigations  were  designed  to  bring  out  the  dfect  of  the  following 
factors  on  the  resistance  of  concrete  to  alkali  action: 
Effect  of  consistency  of  concrete; 
Effect  of  size  of  aggregate; 
Effect  of  grading  of  aggregate; 
Effect  of  type  of  aggregate; 
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Effect  of  constitution  of  cement; 

Bffect  of  powdered  admixtures; 

Bffect  of  integral  water  and  alkali-proofing  compounds; 

Effect  of  surface  coatings; 

Effect  of  age  and  curing  condition  of  concrete; 

Comparison  of  results  of  field  and  laboratory  tests. 
This  is  the  most  comprehensive  experimental  study  of  concrete  exposed  to 
alkali  that  has  been  undertaken.  About  1750  10  by  24-in.  concrete  cylinders 
have  been  made  for  field  exposure  in  alkali  soils  in  Colorado,  South  Dakota  and 
Western  Canada,  and  about  6000  4  by  8-in.  cylinders  for  exposure  in  the  labora- 
tory to  various  alkali  solutions.  Parallel  specimens  are  also  being  made  for 
compression  tests  of  concrete.  In  this  work  we  are  cooperating  with  the  U.  S* 
Bureau  of  Standards,  Reclamation  Service,  Btu-eau  of  Public  Roads  and  the 
Engineering  Institute  of  Canada. 

Field  specimens  were  placed  upright  in  soils  which  were  continuously 
saturated  with  alkali-bearing  water — the  alkali  consisting  largely  of  magnesium 
and  calcixmi  sulfates. 

The  field  specimens  were  installed  in  192 1  and  have  not  since  been  examined ; 
consequently  we  are  not  in  position  at  this  time  to  report  any  results  from  these 
investigations. 

3.  Mr.  S.  H.  McCrory,  Chief  of  the  Division  of  Agricultural 
Engineering,  U.  S.  Department  of  Agriculture,  reports  as  follows  con- 
cerning research  work  under  his  direction  on  the  effect  of  alkali  and 
acid  soil  conditions  on  the  durability  of  drain  tile: 

The  U.  S.  Department  of  Agriculture  in  cooperation  with  the  University 
of  Minnesota  and  the  Department  of  Drainage  and  Water,  State  of  Minnesota, 
has  been  studying  the  ^ect  of  the  so-called  alkalis  upon  tile  and  has  been 
endeavoring  to  work  out  methods  of  improving  the  quality  of  the  tile.  The 
Department  of  Agriculture  has  in  progress  investigation  of  the  deterioration  of 
tile  in  the  Southeastern  states." 

4.  The  Concrete  Pipe  Association  is  conducting  a  series  of  field 
tests  in  which  concrete  pipe  of  various  types  are  being  exposed  to 
alkali  conditions  in  the  field.  Committee  C-6  has  had  no  definite 
report  on  the  progress  of  this  investigation. 

5.  Professor  G.  R.  B.  Elliott  of  the  University  of  Minnesota 
(formerly  of  the  University  of  Wisconsin),  has  conducted  an  investi- 
gation since  1919  into  the  effect  of  peat  soils  upon  the  durability  of 
drain  tile,  and  has  kindly  furnished  Committee  C-6  with  a  very  full 
report  of  his  work,  including  a  considerable  number  of  photographs 
showing  disintegration  of  tile. 

In  brief,  Professor  Elliott  finds  considerable  disintegration  of 
concrete  drain  tile  laid  in  peat  soils  in  four  geological  formations  in 
Wisconsin  and  three  in  Minnesota,  under  several  different  soil  condi- 
tions, including  both  high  and  low-lime  soils.  He  reports  that  this 
disintegration  became  serious  in  from  one  to  eleven  or  more  years. 
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He  gives  one  photograph  of  a  concrete  tile  36  years  old  from  a  sewer 
at  Milwaukee.    Professor  Elliott  states: 

Though  under  certain  conditions  the  life  of  a  concrete  tile  in  peat  soil  may 
be  very  short,  under  certain  other  conditions  it  may  last  a  long  time.  In  general 
it  may  be  said  that  the  average  life  of  a  concrete  tile  as  they  have  been  made 
is  about  six  years. 

Professor  Elliott's  theory  of  the  cause  of  the  disintegration  is 
that  the  rotting  of  the  peat  soils  in  the  summer  time  produces  organic 
acids  which  attack  the  tile  (whose  reaction  is  alkaline).  He  gives 
the  resxilts  of  experiments  showing  the  development  of  acidity  in  the 
laboratory  when  samples  of  peat  were  placed  in  glazed  earthen  jars 
in  distilled  water  and  allowed  to  stand  ten  days  in  a  warm  room. 

On  the  other  hand,  Dr.  J.  C.  Witt  of  the  Structural  Materials 
Research  Laboratory  of  Lewis  Institute  reports  that  samples  of  water 
taken  from  the  same  peat  bogs  in  which  Professor  Elliott  found 
disintegration  of  the  tile  showed  very  weak  acidity,  if  any,  and  he 
expressed  considerable  doubt  that  the  traces  of  acid  which  were 
found  in  the  samples  sent  to  the  laboratory  would  be  of  sufficient 
concentration  to  affect  good  concrete  in  any  way.  The  samples  of 
soil  taken  from  these  same  peat  bogs  at  the  same  points  from  which 
the  groimd  water  samples  were  taken  showed  alkaline  reaction  in 
every  case.  Dr.  Witt  also  applied  the  tests  which  have  been  used  by 
Dr.  Emil  Troug,  a  soil  chemist  of  the  University  of  Wisconsin,  and 
found  that  these  tests  gave  a  negative  reaction. 

It  has  been  claimed  that  the  tile  which  Professor  Elliott  found 
disintegrated  were  very  poor  in  quality  and  Professor  Elliott  himself 
say^  on  this  point,  "It  is  true  they  were  not  good  tile,  yet  they  were 
no  worse  than  many  hundreds  of  miles  of  tile  that  have  been  used. " 

Committee  C-6  plans  to  continue  the  research  program  announced 
in  1921  on  which  progress  is  reported  above  and  hopes  to  develop 
standard  chemical  tests  for  concrete  drain  tile  and  standard  chemical 
test  requirements  within  the  next  two  or  three  years. 

Mr.  E.  H.  Berger,  U.  S.  Bureau  of  Standards,  Department  of 
Commerce,  is  representing  Committee  C-6  on  Committee  E-8  which 
has  under  consideration  the  adoption  of  uniform  definitions  of  clay, 
shale  and  fire  clay. 

At  the  meeting  of  Committee  C-6  held  in  Chicago,  April  8,  1922, 
a  sub-committee  was  appointed  on  standard  sizes  of  drain  tile,  which 
held  a  meeting  and  reported  the  following  recommendations: 

"1.  That  this  sub-committee  be  made  permanent  and  that 
the  chairman  of  Committee  C-6  appoint  as  chairman  of  the  sub- 
committee a  non-producer. 
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"2.  That  the  committee  be  composed  of  five  members,  three 
of  whom  shall  be  non-producers. 

^'3.  That  this  committee  communicate  and  cooperate  with 
the  American  Society  of  Agricultural  Engineers  and  any  other 
interested  organizations  with  the  view  of  formulating  a  joint 
report  and  recommendation." 

The  committee  further  reported  that  the  adoption  of  standard 
sizes  ^' would  cause  and  bring  about  a  large  saving  in  equipment, 
stock  on  hand,  interest  on  investment  on  stock  and  plant  and  the 
cost  of  changing  machinery  in  the  manufacturing  of  the  various  sizes. " 
The  above  report  was  adopted  unanimously.  The  chair  appointed 
as  members  of  the  Sub-Committee  on  Standard  Sizes  of  Drain  Tile 
the  following: 

Professor  G.  W.  Pickels,  University  of  Illinois,  Urbana,  111., 

Chairman. 
U.  S.  Bureau  of  Public  Roads  and  Agricultural  Engineering, 
Department  of  Agriculture,  Washington,  D.  C,  repre- 
sented by  Mr.  S.  H.  McCrory. 
Professor  George  R.   Chatbum,  University  of  Nebraska, 

Lincobi,  Neb. 
Clay  Products  Association,  rq)resented  by  Mr.  George  C.  D. 

Lenth,  Chicago,  HI. 
Concrete  Pipe  Association,  HI  W.  Washington  St.,  Chicago, 
HI. 

This  report  has  been  submitted  to  letter  ballot  of  the  committee, 
which  consbts  of  16  members,  of  whom  13  have  voted  affirmatively, 
none  negatively,  and  3  have  refrained  from  voting. 

RespectfuUy  submitted  on  behalf  of  the  committee, 

Anson  Makston, 
Chaiftnan. 
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ON 

LIME. 

During  the  year  the  conmiittee  held  two  meetings.  Some  sub- 
committees held  special  meetings.  At  the  committee  meeting  held 
in  Philadelphia  in  December  there  was  a  special  open  session  to  which 
the  local  organizations  of  architects,  of  plasterers  and  of  brick  and 
stone  masons  were  invited.  Specialists  of  the  committee  gave  four 
short  lectures  on  raw  materials  and  the  processes  in  the  manufacture 
of  lime  and  on  its  applications  in  construction  and  decorative  work. 
The  visitors  took  an  active  part  in  the  discussion  which  followed  the 
formal  talks. 

The  number  of  specifications  is  growing  so  large  that  the  com- 
mittee recommends  a  policy  of  condensation  by  adopting: 

1.  Definitions  which  shall  be  given  once  only  in  the  current 
publications  of  the  Society; 

2.  Clauses  for  sampling,  inspection,  rejection,  packing  and 
marking  in  one  document  to  which  reference  is  made  in  each  specifica- 
tion in  place  of  quoting  these  clauses  in  extenso  in  each. 

3.  Specifications  for  the  various  kinds  of  lime  required  for  the 
various  technical  industries,  each  to  be  published  as  a  sq>arate 
document. 

This  policy  will  lead  to  considerable  reduction  in  the  cost  of  pub* 
lication  and  be  of  greater  convenience  to  the  user  because  of  the 
shorter  document  in  which  he  may  be  especially  interested  and  the 
brevity  of  the  essential  parts  of  his  specification. 

The  various  activities  of  the  committee  are  mentioned  in  con- 
densed statements  from  the  reports  of  the  sub-committees: 

Sttb-CommiUee  /,  consisting  of  the  chairmen  of  all  sub-committees, 
was  reorganized  during  the  year  to  act  as  an  executive  committee  to 
prepare  the  annual  report  and  to  correlate  the  work  of  the  various 
sub-committees.    It  held  one  special  meeting. 

Sub'CommiUee  II  on  Structural  Lime. — ^This  sub-committee  has 
revised  the  Tentative  Specifications  for  Quicklime  for  Structural 
Purposes  (C  5  -  21  T),  and  the  Tentative  Specifications  for  Hydrated 
Lime  for  Structural  Purposes  (C  6-21  T)  to  conform  to  the  policy 
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of  change  of  form  in  specifications  and  to  slightly  change  the  method 
of  measuring  plasticity  as  dictated  by  a  wider  experience  with  the 
apparatus.  The  revised  specifications  are  appended^  to  this  report 
and  are  recommended  for  publication  as  tentative  to  replace  the 
present  Tentative  Specifications  for  Quicklime  and  for  Hydrated 
lime. 

The  sub-committee  calls  attention  to  the  insertion  of  a  clause  in 
the  Tentative  Methods  of  Sampling,  Inspection  Packing  and  Marking 
of  Quicklime  and  lime  Products  which  permits  the  manufacturers  of 
quicklime  and  lime  products  to  print  upon  the  package  a  statement 
that  the  contents  of  the  package  are  guaranteed  to  meet  ^e  require- 
ments of  the  A.S.T.M.  specifications  for  the  uses  stated  on  the  package. 
Work  is  being  conducted  actively  on  a  method  for  determining 
the  apparent  density  of  quicklime  in  the  hope  that  this  property  may 
be  used  as  a  measure  of  the  degree  of  overbuming. 

Ninety-eight  panels  of  lime  plaster  have  been  erected  at  the 
Bureau  of  Standards  to  determine  the  effect  on  the  quality  of  the 
plaster,  of  certain  impurities  which  may  be  found  in  hydrated  lime  or 
sand.  This  work  is  being  carried  on  by  cooperative  arrangements 
between  the  National  Lime  Association,  the  Contracting  Plasterers' 
International  Association  and  the  International  Plasterers'  Union. 

The  sub-committee  does  not  recommend  a  specification  for  plaster- 
ing sand,  but  believes  it  more  practical  to  inform  contractors  how  best 
to  use  sands  available.  To  this  end,  work  is  being  carried  on  to  find 
a  method  for  measuring  sand-carrying  capacity  of  lime. 

The  sub-committee  has  felt  its  responsibility  for  the  preparation 
of  a  rebuttal  to  the  discussion  i^y  D.  A.  Abrams  oi  our  1921  report. 
This  rebuttal  will  be  foimd  in  Appendix  I. 

On  the  recommendation  of  this  sub-conunittee.  Committee  C-7 
has  adopted  the  following  resolution: 

"That  certain  paragraphs  contained  in  the  report  of  the 
Joint  Committee  on  Standard  Specifications  for  Concrete  and 
Reinforced  Concrete  may  be  construed  as  being  inimiail  to  the 
use  of  hydrated  lime,  which  discrimination  in  the  judgment  of 
this  committee  is  not  justified  by  the  demonstrated  facts." 
Sub-CommiUee  III  on  Lime  far  Chemical  Industries. — ^This  sub- 
committee has  been  reorganized  since  the  last  annual  meeting  of  the 
Society.    It  has  enlarged  on  the  work  of  the  previous  sub-committee 
and  prepared  the  following  tentative  specifications:* 

1.  For  Quicklime  and  Hydrated  Lime  for  Use  in  the  Cooking  of 
Rags  for  the  Manufacture  of  Paper. 

'See  pp.  688^696.— Ed. 
•Smpp.  697-706.— Bd. 
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2.  For  Quicklime  and  Hydrated  Lome  for  Use  in  the  Manufacture 
of  Sulfite  Pulp. 

3.  For  Hydrated  Lime  for  the  Manufacture  of  Varnish. . 

4.  For  Quicklime  and  Hydrated  Lime  for  Use  in  the  Textile 
Industry. 

5.  For  Quicklime  and  Hydrated  Lime  for  the  Manufacture  of 
Silica  Brick. 

The  sub-conunittee,  through  its  chairman  M.  E.  Holmes,  is  in 
close  contact  with  the  technical  trade  organizations  of  the  various 
industries  and  is  working  actively  on  the  preparation  of  specifications 
for  use  of  lime  in  such  industries.  It  is  expected  to  have  a  number  of 
these  ready  for  presentation  at  the  next  annual  meeting. 

SfdhCommittee  V  on  Methods  of  Analysis  has  received  no  adverse 
criticism  of  the  revised  Tentative  Methods  of  Chemical  Analsrsis  of 
Limestone,  Lime  and  Hydrated  lime  (C  25-21  T)  submitted  last 
year  except  that  the  title  shoxild  be  revised  to  read  "Tentative 
Methods  of  Chemical  Analysis,  of  Limestone,  Quicklime  and  Hydrated 
lime."  This  change  in  title  is  recommended  and  a  new  section  on 
"Determination  of  Available  lime"  has  been  prepared,  as  appended 
hereto,^  for  inclusion  as  an  integral  part  of  the  tentative  methods.  The 
sub-committee  has  also  prepared  proposed  Tentative  Methods  of 
Sampling,  Inspection,  Packing  and  Marking  of  Quicklime  and  lime 
Products,  as  appended  hereto,  for  publication  as  tentative.* 

The  sub-committee  is  in  conference  with  a  sub-committee  from 
the  Association  of  Qfidal  Agricultural  Chemists  to  establish  standard 
methods  of  analysis  acceptable  to  both  societies. 

Sub-CommiUee  VI  on  Plasticity  reports  that  a  number  of  Emley 
plastidmeters  made  to  meet  the  requirements  of  the  Tentative  Speci- 
fications for  Hydrated  lime  are  in  use  in  different  laboratories.  This 
improved  apparatus  is  now  available  to  the  industry. 

The  latest  information  indicates  that  the  sand-carrying  capacity 
of  a  lime  is  a  fimction  of  the  plasticity  of  the  mortar.  The  measure- 
ment of  sand-carrying  capacity  on  this  principle  is  therefore  being 
conducted  as  a  cooperative  research  between  this  sub-committee  and 
the  Sub-Committee  on  Structural  lime. 

The  sub-committee  realizes  the  growing  recognition  of  the 
demonstrated  beneficial  effects  of  the  workability,  water-tightness, 
strength,  etc.,  to  be  derived  from  the  addition  of  small  amoimts  of 
hydrated  lime  to  portland-cement  concrete.  The  sub-committee  is 
therefore  engaged  in  an  effort  to  find  a  method  for  measuring  the  work- 
ability of  concrete,  and  to  correlate  changes  in  workability  with 

I  See  p.  724.— Bd. 
«  8m  p.  728.— Bd. 
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other  properties  of  concrete.  Experience  indicates  that  workability 
is  similar  in  many  respects  to  plasticity,  probably  a  complex  function 
of  plasticity  and  consistency. 

Sub-CommiUee  VII  on  Highway  Lime  has  been  working  chiefly  to 
determine  the  effects  of  hydrated  lime  in  portland-cement  concrete 
mixtures.  A  number  of  additional  investigations  have  been  carried  on, 
results  from  some  of  which  are  given  in  Appendices  II,  III  and  IV. 

Investigations  have  been  outlined  to  experiment  with  hydrated 
lime  in  the  construction  of  sand-clay  roads  and  in  topsoil  road  con- 
struction, to  learn  its  value,  if  any,  to  nullify  the  effect  of  organic 
impurities. 

*  Sub-CommiUee  VIII  on  Nomenclature  has  submitted  lists  of  terms 
relating  to  lime  or  its  uses  to  the  chairmen  of  the  various  sub-com- 
mittees. Appended  hereto^  are  proposed  Tentative  Definitions  of 
Terms  Relating  to  Lime  which  the  committee  recommends  be  accepted 
for  publication  as  tentative. 

Committee  C-7  recommends  the  adoption  by  the  Society  of  the 
several  recommendations  contained  in  this  report  and  tabulated 
below  with  the  results  of  the  letter  ballot  vote  of  the  committee. 


Itemi. 

AffiimA- 
tive. 

"Sir 

„Not 
Votiac. 

22 
22 
18 

20 
18 
18 
21 
20 
23 
26 

0 

1 

0 

14 

13 

n.   SoBimnoR  or  Niw  TrnKTAnwrn  Stajtoaxim. 
4.  For  (MkBms  tad  Hydnrted  Lime  for  Um  in  the  (>)oki^ 

18 
10 

17 
18 

7.  Per  L&M  for  Uee  in  the  Teitile  lodastry 

16 

8.ForIiiiiefflrthellMni&otiinoffiiiea%riflk 

16 

g.  OdimtiooeofTeniifSebtiDfftoLiiiie. 

11 

la  Methodior8ftmpliiig.Iii8pe^P»eldiif  udMuld^ 

10 

This  report  has  been  submitted  to  letter  ballot  vote  of  the  com- 
mittee, which  consists  of  36  members,  of  whom  25  have  voted  affirma- 
tively, 1  negatively,  and  10  have  refrained  from  voting. 

Respectfully  submitted  on  behalf  of  the  committee, 

H.  C.  Berry, 
Chairman. 
R.  P.  Brown, 

Acting  Secretary. 


»Seep.  731.— Ed. 
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Editorial  Note. 

The  proposed  revisions  of  the  Tentative  Specifications  for  Quick- 
lime for  Structural  Purposes,  of  the  Tentative  Specifications  for 
Hydrated  Lime  for  Structural  Purposes,  and  of  the  Tentative  Methods 
of  Chemical  Analysis  of  Limestone,  Lime  and  Hydrated  Lime  referred 
to  in  this  report  were  accepted.  The  tentative  standards  as  thus 
revised  appear  on  pages  688,  691  and  715,  respectively. 

The  five  proposed  Tentative  Specifications  listed  as  items  4  to  8 
in  the  table  on  page  267  were  accepted  for  publication  as  tentative 
and  appear  on  pages  697  to  706.  The  proposed  Tentative  Definitions 
of  Tenns  Relating  to  Lime  referred  to  in  this  report  were  accepted 
for  publication  as  tentative  and  appear  on  page  731.  The  proposed 
Tentative  Methods  of  Sampling,  Inspection,  Packing  and  Marking  of 
Lime  and  Lime  Products  were  accepted  for  pubhcation  as  tentative 
and  appear  on  page  728. 

For  a  discussion  of  this  report,  see  page  292. 
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ANALYSIS  OF  TESTS  ON  EFFECT  OF  HYDRATED  LIME 
IN  CONCRETE  MADE  AT  LEWIS  INSTITUTE. 

By  T.  B.  Shertzer.* 

Two  years  ago  a  paper  was  presented  by  D.  A.  Abrams  before 
the  American  Society  for  Testing  Materials  entitled  "Effect  of  Hy- 
drated  Lime  and  Other  Powdered  Admixtures  in  Concrete."*  Last 
year  a  supplementary  paper  was  presented  on  the  same  subject  in 
which  a  report  was  made  of  some  additional  tests  and  data  obtained 
from  longer  time  tests  of  the  original  series.' 

This  is  the  first  opportimity  which  has  presented  itself,  since  the 
presentation  of  these  papers,  for  a  discussion  of  the  data  and  con- 
clusions therein  contained. 

One  who  has  devoted  as  much  time  to  the  study  and  analysis  of' 
these  data,  as  the  speaker  has,  cannot  but  be  impressed  with  the  scope 
of  the  work  and  the  remarkable  uniformity  of  the  results.  As  a  piece 
of  laboratory  work,  it  is  very  excellent.  Unfortunately,  the  investi- 
gator seems  to  have  overlooked  the  fact  that  hydrated  lime  is  a 
material  having  properties  different  from  portland  cement. 

It  is  generally  conceded  by  those  who  are  familiar  with  hydrated 
lime  admixed  in  concrete,  and  who  have  worked  with  it,  that  the 
maximum  amount  of  water  which  should  be  used  on  its  account,  is 
only  so  much  as  will  satisfy  its  absoiptive  qualities  or  properties. 
Absorptive  is  here  used  in  its  broad  sense  and  may  be  divided  into 
four  heads,  namely,  absorption,  adsorption,  mechanically  restrained 
and  the  possibility  of  a  small  amount  being  taken  up  by  chemical 
action.  Any  additional  water  over  and  above  that  which  lime  can 
absorb,  in  the  broad  sense,  particularly  in  the  case  of  hydrated  lime, 
is  free  water  which  is  not  restrained  by  the  lime  in  any  way;  it  merely 
goes  to  dilute  the  mixture.  In  the  case  of  hydrated  lime  admixed  with 
concrete,  when  more  water  is  added  than  can  be  restrained  by  the 
lime,  it  goes  to  dilute  the  concrete;  the  lime  cannot  take  care  of  it  at 
all.  It  appears  that  this  is  one  of  the  main  points  overlooked  by  the 
investigator. 

He  appears  also  to  have  overlooked  the  fact  that  lime  hardens  by 

>  Construction  Engineer.  National  Lime  Association,  Washington.  D.  C. 

*  Proceedings,  Am.  Soc.  Test.  Mats.,  Vol.  XX,  Part  II,  p.  149  (1920). 

•  Discussion.  Report  of  Committee  C-7  on  Lime,  Proceedings,  Am.  Soc.  Test.  Matt.,  VoL  21  • 
p.  302  (1921). 
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an  entirely  different  method  than  does  portland  cement.  In  the  case 
of  cement,  there  is  a  positive  chemical  reaction  which  takes  place 
during  the  processes  of  setting  and  hardening.  In  the  case  of  lime  it 
must  first  dry  out,  or  desiccate,  and  when  the  proper  conditions  as 
to  moisture  content  are  reached,  it  absorbs  carbon  dioxide  from  the 
air  and  is  changed  into  crystallin  calcium  carbonate.  It  is  well 
established  that  excess  water  with  portland  cement  will  have  certain 
effects  on  the  chemical  reactions  and  the  formation  of  the  crystals 
resulting  therefrom.  Lime  in  the  presence  of  excess  water  acts 
entirely  differently.  As  long  as  lime  is  in  the  presence  of  excess  water 
it  remains  merely  a  hydrated  lime,  or  calcium  hydroxide,  in  suspen- 
sion, no  chemical  reaction  taking  place. 

Water  is  added  to  a  concrete  of  so-called  "normal  consistency" 
to  produce  the  other  "relative  consistencies"  such  as  1.10,  1.25,  etc. 
This  is  all  right  and  we  all  recognize  and  acknowledge  the  effects  of 
the  water  so  added  on  the  strength  of  the  concrete  so  produced;  thus, 
what  we  might  term  "the  horizontal  addition  of  water"  to  plain 
'concretes  is  generally  accepted  and  understood. 

When  hydrated  lime  is  admixed  with  concrete,  only  enough  more 
water  should  be  added  as  can  be  cared  for  by  the  lime  and  this  irre- 
spective of  the  relative  consistency  of  the  concrete  with  which  it  is 
admixed.  If,  as  previously  pointed  out,  more  than  this  amount  of 
water  is  added  it  merely  goes  to  further  dilute  the  concrete  and  to  make 
the  consistency  wetter  than  indicated. 

It  appears  from  the  data  presented  that  the  amount  of  water  used 
in  the  plain  concrete  specimens,  and  also  in  those  containing  hydrated 
lime,  of  so-called  "normal  consistency,"  was  wrong. 

On  page  156  of  the  Proceedings,  Vol.  XX,  Part  II,  it  is  stated: 
"A  relative  consistency  of  1.00  or  normal  consistency  is  such  as  will 
give  a  slump  of  about  ^  to  1  in."  If  now  we  look  at  Table  XVI  of  the 
paper,  which  is  a  report  of  the  slump  tests,  and  consider  only  those  oi 
so-called  "normal  consistency,"  we  find  the  following: 


Table 

I.— Slumps,    in     Inches,    of    Concretes 
Consistency". 

OF 

So-called 

"Normal 

Hydntod  Lime,  per  oeni. 

Mizeebr  Volume. 

1:9 

1:6 

1:6 

1:4 

1:3 

1:2 

0 

6.2 
2.6 
1.6 
1.7 
0.2 

0.8 
0.3 
0.3 
0.5 
0.6 

0.S 
0.4 
0.6 
3.2 
1.9 
1.0 

0.7 
1.2 
2.0 
3.1 
3.1 
1.4 

4.2 

1.7 
2.3 

•  8.0 
3.3 

2.4 

1.2 

5 

3.0 

10 

2.1 

20              

2.1 

83 

1.0 

fiO 

0.0 
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The  criterion  given  by  the  investigator  on  page  156  of  the  Pro- 
ceedings^ Vol,  XX,  Part  II,  and  previously  quoted,  is  the  accepted 
criterion.  From  the  above  tabulation  it  will  be  noted  that  but  one 
of  the  six  plain  concretes  meets  the  criterion.  Of  the  twenty-eight 
resxilts  given  for  specimens  containing  hydrated  lime  but  five  meet  the 
criterion,  nineteen  of  them  had  greater  slimips,  averaging  2\  in.  If 
we  assume  that  the  proper  amoimt  of  water  was  used  in  the  specimens 
of  so-called  "normal  consistency,"  it  would  appear  from  data  given 
in  the  paper  that  the  amount  of  water  used  to  produce  the  concretes 
of  other  relative  consistencies  was  wrong. 

Again  on  page  156  of  the  Proceedings ^  Vol.  XX,  Part  II,  we  find 
"Other  'relative  consistencies'  require  a  proportional  part  of  the 
quantity  of  water  necessary  for  normal  consistency.  For  example, 
a  relative  consistency  of  1.10  requires  10  per  cent  more  water  than 
normal  consistency."  Let  us  now  turn  to  Table  IV  of  the  paper 
(pages  158-159  of  the  Proceedings^  Vol.  XX,  Part  II)  and  consider  the 
plain  concretes  only.  If  we  evaluate  the  water  ratios  of  the  several 
mixes  as  of  "normal  consistency"  as  being  100  and  compute  the 
relative  values  of  the  water  ratios  for  the  other  "relative  consistencies" 
on  this  basis  the  following  is  obtained: 


Table  II. — Relative  Water  Contents  of  Plain  Concrete. 

Mh,  by  Volume. 

HMdbgs. 

O.M 

1.00 

1.10 

1.25 

1.60 

2.00 

1:9 

92 

91 
00 
90 
90 
90 

100 
100 
100 
100 
100 
100 

109 
109 
108 
108 
100 
109 

122 
122 
122 
122 
122 
128 

144 
144 
146 
148 

1:6 

1:6 

188 

1:4 

189 

1:3 

192 

1:2 

198 

Through  the  courtesy  of  the  investigator,  the  water  ratios  used 
for  the  results  recorded  in  Table  I  of  the  discussion  to  the  1921  report 
of  Committee  C-7  were  supplied  the  speaker.  When  these  water 
ratios  are  reduced  as  above,  the  following  is  obtained: 

Table  III. — ^Relative  Water  Contents  of  Plain  Concrete. 


CohmmBoMliiiff. 

Mix,  Iqr  Vohime. 

0.90 

1.00 

1.10 

1.36 

1.60 

1:0     

92 
90 
91 

91 
91 

100 
100 
100 
100 
100 

109 
108 
108 
109 
109 

121 
122 
122 
122 
122 

144 

1-5         

144 

1:4      

145 

\'%         , , 

145 

1:2       

140 
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Bearing  in  mind  the  investigators  own  criterion,  as  quoted  pre- 
viously, it  is  evident  that  the  relative  water  contents  of  the  concretes 
of  the  several  relative  consistencies  should  correspond  with  the 
column  heading.  It  wiU  be  seen  that  they  do  not.  It  will  also  be 
noted  that  the  relative  water  content  increases  as  the  mixtures  become 
richer,  in  many  cases. 

The  amount  of  water  added  to  compensate  for  the  hydrated  lime 
was  wrong.  It  was  added  on  a  purely  arbitrary  and  empirical  basis 
and  not  in  accordance  with  the  method  or  procedure  described.  On 
page  304  of  the  Proceedings,  Vol.  2 1 ,  it  is  stated :  "  In  general,  the  quan- 
tity of  mixing  water  was  predetermined.  The  quantity  added  td  com- 
pensate for  the  presence  of  hydrated  lime  (or  additional  cement)  was 
proportional  to  the  quantity  of  hydrated  lime  (or  cement)  and  to  its 
normal  consistency."  Particular  attention  is  here  called  to  the  part 
of  the  statement  to  the  eflFect  that  the  additional  water  was  propor- 
tional to  the  normal  consistency  of  the  hydrated  hme. 

On  page  153  of  the  Proceedings ,  Vol.  XX,  Part  II,  in  speaking  of 
hydrated  lime,  it  is  stated : "  Normal  consistency  was  determined  by  the 
Vicat  needle  by  the  method  used  for  portland  cement."  The  method 
of  determining  the  normal  consistency  of  lime  paste  by  means  of  the 
Vicat  needle  is  not  reliable.  It  was  discontinued  several  years  ago 
by  investigators  of  lime  and  a  modified  slump  test  substituted  for  it. 
The  Vicat  needle  method  depends  on  too  many  factors — all  or  any 
kind  of  results  can  be  obtained  with  it;  it  depends  upon  whether  the 
lime  is  added  to  the  water  or  the  water  to  the  lime,  on  just  how  the 
mixing  is  done,  and  several  other  factors.  One  of  the  greatest  factors 
is  the  length  of  time  which  elapses  between  the  time  the  lime  is  first 
wetted  and  the  time  the  needle  on  the  apparatus  is  released.  From 
Table  III  of  the  paper  we  find  that  it  required  60  per  cent  of  the 
weight  of  the  hydrated  lime,  of  water,  to  produce  a  paste  of  normal 
consistency  by  the  Vicat  needle  test.  Throughout  all  of  the  tables 
of  the  paper,  relationships  are  given  in  terms  of  volume.  By  a  simple 
calculation,  the  weight  ratio  of  water  required  to  produce  a  lime  paste 
of  so-called  ^'normal  consistency"  can  be  changed  into  a  volume  ratio. 
By  making  such  a  calculation  we  find  that  the  volumes  of  water  re- 
quired to  compensate  for  the  several  percentages  of  hydrated  lime,  as 
of  normal  consistency,  expressed  as  water-cement  ratios  are  as  follows: 
For  5  per  cent  hydrated  lime  admixture,  the  water  ratio  is  0.02; 
for  10  per  cent,  0.04;  for  20  per  cent,  0.08;  for  33  per  cent,  0.13; 
and  for  50  per  cent,  0.19. 

It  woxild  seem  to  have  been  a  much  more  logical  and  proper  pro- 
cedure to  have  added  lime  to  the  concrete  and  then  determined  by 
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means  of  the  slump  test,  in  the  first  series,  or  the  flow  table,  in  the 
supplementary  tests,  the  propei  amount  of  water  to  add  to  compensate 
for  the  lime.  It  is  evident  that  the  method  used  was  purely  arbitrary 
and  empirical. 

Let  us  now  consider  the  method  used  to  determine  the  amount  of 
water  added  to  compensate  for  the  hydrated  lime  in  the  several  rela- 
tive consistencies  other  than  normal  consistency.  As  an  example,  let 
us  consider  the  1  : 4  mix  from  Table  IV  of  the  paper.  Here,  again,  the 
water  ratio  for  the  plain  concrete  as  of  normal  consistency  has  been 
evaluated  at  100  and  the  other  water  ratios  worked  out  to  this  basis: 


Table  IV. — Relative  Water  Contents. 

Hydnted  Lime,  per  cent 

RebliTt  OooMtoneies  Aoeordliic  to  Cohuu 

0.90 

1.00 

1.10 

1.26 

1.50 

3.00 

0 

M 
93 

96 
100 
106 
114 

100 
103 
105 
111 
118 
126 

108 
111 
115 
121 
128 
139 

122 
125 
129 
136 
144 
156 

144 
150 
153 
161 
172 
185 

180 

5 

195 

10 

200 

ao 

212 

33 

225 

80 

242 

It  will  be  observed  that  the  water  ratios  for  the  specimens  with 
hydrated  lime  for  the  several  relative  consistencies  were  obtained, 
approximately,  by  multiplying  the  values  given  in  column  headed  1.00 
by  the  relative  figure  for  the  plain  concretes  as  of  the  several  relative 
consistencies.  For  example,  to  get  the  relative  water  content  for 
concrete  of  relative  consistency  1.50  with  20  per  cent  admixture  of 
hydrated  lime,  the  value  of  111  from  colunm  headed  1.00  was  mul- 
tiplied by  1 .44  (approximately) ,  the  upper  figure  in  coliunn  headed  1 .50. 
From  this  it  will  be  seen  that  for  the  several  relative  consistencies  the 
water  content  was  determined  by  muUiplication  instead  of  by  adding 
water  to  compensate  for  the  hydrated  lime,  in  a  constant  quantity  for 
each  of  the  several  percentages  of  hydrated  lime,  as  clearly  indicated 
in  the  quotation  from  page  304  of  the  Proceedings ,  Vol.  21,  and  as  has 
been  previously  pointed  out  as  being  the  proper  method.  The  water 
content  was  uniformly  increased  as  the  mixtures  became  wetter  for 
the  specimens  containing  hydrated  lime,  and,  as  has  been  previously 
pointed  out,  this  had  the  effect  of  diluting  the  concrete  and  making  it 
wetter  than  indicated  by  the  relative  consistency  column  heading. 
It  will  be  noted,  for  instance,  that  for  50  per  cent  admixture  of  hy- 
drated lime,  in  column  headed  1.00,  26  per  cent  more  water  was  used 
than  in  the  plain  concrete,  while  in  column  headed  2.00  there  was  53 
per  cent  or  more  than  twice  as  much  extra  water  used.    The  multi- 
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Bearing  in  mind  the  investigators  own  criterion.,  as  q"«>*^?J 
viously.  it  is  evident  that  the  relative  water  contents  of  the  <^f^^, 
of  tiie  several  relative  consistencies  should    correspond  J^^   ^^ 
column  heading.    It  will  be  seen  tiiat  tiiey  do  not.      It  wiU  ^^J 
noted  that  the  relative  water  content  mcreases  as  tkie  mixtures  d*- 
richer,  in  many  cases.  ,  i; 
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was  wrong.    It  was  added  on  a  purely  arbltra.ry  and  empincaJ 
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page304ofthePf<»eed*ngs,Vol.21,itisstate<i-.  "Ingeneral.  t'- 

tity  of  mixing  water  was  predetermmed.    XKe  qwmtity  add-  ■ 

pensate  for  tiie  presence  of  hydrated  lime  Cor  additional  c- 

proportional  to  tiie  quantity  of  hydrated  lime  (or  cement 

normal  consistency."    Particular  att«itKMv  is  here  call.! 
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On  page  153  of  tiie  Proceedings,  Vol.  X3C,  Part  1 1 

hydratedlime.itisstated:  "Normal  consistency  was' 
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of  determining  tiie  normal  consistency  of  lime  pa 

Vicat  needle  is  not  reliable.     It  was  discontiim 

by  investigators  of  lime  and  a  modified  slvunp 

The  Vicat  needle  method  depends  on  too  n, 

kind  of  results  can  be  obtained  with,  it;    it  »'. 

lime  is  added  to  the  water  or  the  water  to  • 

mixing  is  done,  and  several  other  factors . 

is  the  length  of  time  which  elapses  bet\N  • 

wetted  and  the  time  the  needle  on  tVn^ 
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author  of  the  paper  has  published  a  formula 
h  5  is  the  strength  which  may  be  expected, 

ratio  used  as  an  exponent  and  A  and  B  are  con- 
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application. 

hr  smooth  curve  sliown  in  each  of  the  six  groups  in  this 
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le  specimens  containing  50  per  cent  or  33  per  cent  of  hy- 
ae  according  to  the  maximum  admixture  used.     When  the 


Digitized  by 


Google 


274 


Report  of  Committee  C-7  (Appendix  I). 


plication  factors  used  for  each  of  the  several  mixtures  were,  approxi- 
mately, the  figures  given  in  Tables  II  and  III  of  this  discussion.  The 
facts  shown  above  would  seem  to  indicate  that  Conclusion  7  drawn  by 
the  investigator,  namely,  "The  wetter  mixes  showed  a  greater  loss  in 
strength  than  the  dry,  due  to  the  addition  of  hydrated  lime  "  is  hardly 
justified. 

As  the  mixtures  become  richer,  the  actual  water  ratios  of  the  plain 
concretes  become  less  because  less  water  had  to  be  added  on  account  of 
the  absorption  of  the  aggregates  and  the  restraint  of  the  aggregates. 
The  same  actual  quantities  of  water  were,  however,  added  to  the  con- 
cretes, as  of  normal  consbtency,  to  compensate  for  the  presence  of  the 
hydrated  lime,  therefore,  as  the  actual  water  ratios  of  the  plain  con- 
cretes became  less  the  rdaUve  amoimts  of  water  added  to  compensate 
for  the  hydrated  lime  became  greater  as  is  clearly  shown  by  the  fol- 
lowing table,  the  data  being  taken  from  Table  IV  of  the  paper. 


Table  V.- 

— Relativb  Water  Contents  of  Concretes  of  So-called 
Consistency." 

"Normal 

MixtiirasbyVohiM. 

1:0 

1:0 

1:0 

1:4 

1:3 

1:2 

0 

100 
102 

IS 

111 

100 
102 
104 
109 
114 

100 
102 
105 
110 
114 
123 

100 
103 
105 

ni 

118 
126 

100 
103 
106 
113 
121 
132 

100 

6 

104 

10 •. 

108 

20 

115 

33 

125 

50 

130 

From  this  table,  we  see  that  in  the  1  :  9  mix  for  33  per  cent  ad- 
mixture of  hydrated  lime  there  was  but  11  per  cent  more  water  used, 
while  in  the  1  :  2  mix  25  per  cent  more  was  used  or  more  than  twice 
as  much,  relatively. 

The  above  values  are  for  the  concretes  of  so-called  normal  con- 
sistency only.  As  has  been  previously  pointed  out  the  water  contents 
of  the  concretes  of  other  relative  consistencies  were  obtained  by 
multiplying  the  water-ratios  of  the  concretes  of  normal  consistencies 
by  the  relative  water-ratios  of  the  plain  concretes  of  the  several 
relative  consistencies.  In  Table  V  it  will  be  seen  that  the  relative 
water  content  of  the  specimens  containing  hydrated  hme  increases 
as  the  mixtures  become  richer  and  from  Table  II  that  they  also 
increase  as  the  mixes  of  plain  concrete  become  richer.  Bearing  in 
mind  that  the  water  contents  of  the  specimens  containing  hydrated 
lime  were  obtained  by  multiplying  the  values  given  in  Table  V  by  those 
in  Table  II,  the  facts  would  hardly  seem  to  justify  Conclusion  6: 
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"Rich  concrete  mixtures  showed  a  greater  loss  in  strength  due  to 
powdered  admixtures  than  the  leaner  ones.  Lean  mixes  (l  :  9  to  1  :  6) 
and  in  those  with  aggregates  graded  too  coarse  for  the  quantity  of 
cement  used,  the  strength  was  little  affected  or  was  slightly  increased 
by  admixtures  up  to  50  per  cent."  A  very  cursory  examination  oi 
Tables  II  and  V  will  show  why  the  1  : 9  and  1  : 6  mixes  were  little 
affected. 

The  accompanying  figures  were  plotted  from  data  given  in  the 
tables  of  the  paper  either  as  presented  or  reduced  to  relative  values  as 
indicated  in  the  tables  presented  with  this  discussion.  They  illustrate 
graphically  the  points  indicated  by  the  foregoing  tables. 

In  Fig.  1,  the  upper  set  of  figures  shows  the  actual  water  ratios 
and  the  lower  set,  the  relative  water-ratios,  both  plotted  against  the 
relative  consistencies  and  from  data  for  mixes  1:9,  1:5  and  1  :  3 
presented  in  Table  IV  of  the  paper.  This  figure  shows  clearly  how  the 
water  added  to  compensate  for  the  hydrated  lime  increased,  relatively, 
as  the  mixes  became  richer  and  how  the  multiplication  caused  a  very 
material  increase  in  the  relative  water  content  as  the  mixes  became 
of  the  higher  relative  consistencies. 

If  the  strengths  given  in  Table  IV  of  the  paper  are  plotted  against 
the  relative  consistencies,  a  set  of  curves  as  shown  in  Fig.  2  is  obtained. 
At  first  glance  these  curves  would  make  it  appear  that  hydrated  lime 
has  a  deleterious  effect  on  concrete,  since  all  of  the  curves  representing 
the  several  hydrated  lime  admixtures  fall  below  the  curves  representing 
the  plain  concretes. 

In  several  places,  the  author  of  the  paper  has  published  a  formula 

A  .        .         . 

of  the  form  5=  -j-  in  which  S  is  the  strength  which  may  be  expected, 

X  is  the  water-cement  ratio  used  as  an  exponent  and  A  and  B  are  con- 
stants depending  upon  the  materials  used  and  the  conditions  of  the 
test.  The  constants  of  this  formula  were  evaluated  for  the  data  pre- 
sented in  the  paper  by  working  backwards.  Using  each  of  the  plain 
concrete  results  given,  in  such  tables  as  showed  both  water  ratios 
and  strengths,  the  values  of  A  and  B  were  determined;  these  several 
values  were  then  averaged  to  obtain  a  general  average  value  for  A  and 
B  for  general  application. 

The  upper  smooth  curve  shown  in  each  of  the  six  groups  in  this 
figure  is  the  graphical  representation  of  the  evaluated  strength  formula 
for  the  plain  concretes.  The  lower  smooth  curve  is  the  corresponding 
curve  for  the  specimens  containing  50  per  cent  or  33  per  cent  of  hy- 
drated lime  according  to  the  maximum  admixture  used.     When  the 
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plotted  data  are  considered  in  connection  with  these  theoretical 
strength  curves,  it  will  be  observed  that  the  presence  of  the  hydrated 
lime  had  a  decidedly  beneficial  effect  and  this  in  spite  of  the  excessive 
amount  of  water  used.  Similar  theoretical  strength  curves  could  have 
been  shown  for  each  of  the  hydrated  lime  admixtures,  but  by  so  doing 
the  groups  would  have  been  unnecessarily  complicated,  the  curves 
shown  clearly  bring  out  the  principle  involved  and  demonstrate  the 
beneficial  effects  of  the  hydrated  lime. 

If  the  same  data  used  in  Fig.  2,  from  Table  IV  of  the  paper, 
is  plotted  as  strength  against  water  ratios,  a  set  of  curves  as  shown 
inFig.  3  is  obtained.  In  these  curves,  the  smooth  curve  is  the  theo- 
retical strength  curve  plotted  from  the  evaluated  fo'rmula.  These 
curves  bring  out  strongly  the  fact  that  while  the  water  ratios  were 
increased,  when  the  strengths  were  equal,  that  for  equal  water  ratios 
the  strengths  were  materially  increased  and  this  in  spite  of  the  fact 
that  excessive  water  was  used  in  most  of  the  specimens  containing 
hydrated  lime. 

Similar  facts  are  shown  by  plotting  the  data  of  Table  I  of  the  dis- 
cussion of  the  Report  of  Conmiittee  C-7  for  1921.^ 

Workability  is,  after  all,  the  real  criterion  of  the  desirability  or 
practicability  of  concrete.  In  Fig.  4  we  have  plotted  the  strengths 
against  slumps  for  the  1  : 6  mix  from  data  given  in  Tables  IV  and 
XVI  of  the  paper,  also  strengths  against  flows,  for  the  1  :  6  mix,  from 
data  given  in  Table  I  of  the  discussion  of  the  Report  of  Committee  C-7 
for  1921.^  The  reason  for  presenting  the  1  :  6  mix  is  that  it  was  the 
only  one  reported  as  staying  within  the  limits  of  the  flow  table  all  the 
way  throu^  the  tests  and  is,  therefore,  the  only  one  for  which  a  full 
comparison  can  be  made.  In  spite  of  the  extremely  erratic  nature  of 
the  data  given  in  Table  XVI,  curves  plotted  for  all  of  the  mixtures, 
similar  to  the  one  here  shown  for  the  1  : 6  mix,  show  results  similar 
to  those  here  shown.  In  like  manner,  plotting  as  much  of  the  data 
from  Table  I  of  the  discussion  mentioned  above  as  is  significant 
results  quite  similar  are  shown. 

These  curves  clearly  bring  out  the  facts  that  for  equal  strengths, 
the  workability  is  increased,  with  very  few  exceptions,  and  for  equal 
workability  the  strength  is  increased,  with  very  few  exceptions. 

In  the  upper  set  of  curves  of  Fig.  5  we  have  plotted  strengths 
against  water  ratios  from  data  as  presented  in  Table  I  of  the  discussion 
of  the  Report  of  Committee  C-7  for  1921  and  supplementary  data 


i  Proctedimtf,  Am.  Soc.  Test.  Mats..  Vol.  21.  p.  305  (1921). 
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furnished  by  the  author  j  in  the  lower  set  we  have  flows  plotted  against 
water  ratios  to  the  same  scale.  The  smooth  curves  in  the  upper  set 
represent  the  theoretical  strengths  derived  from  the  author's  strength 
formula.  In  the  upper  set  we  see  that  for  equal  strengths  more  water 
was  used  while  for  equal  water  ratios  greater  strength  was  developed. 
In  the  lower  set  we  see  that  in  most  cases  more  water  was  used  to  ob- 
tain equal  flows  and  that  for  equal  water  ratios  the  flows  were  less. 
ThiS;  of  course,  is  to  be  expected  since  hydrated  lime  absorbs  water. 
The  1  :  6,  1  :  5  and  1  : 4  mixes  only  have  been  shown  for  the  reason 
that  they  are  typical  and  showing  more  mixes  would  complicate  the 
figure. 

By  means  of  these  curves  we  can  ascertain  the  true  effect  of 
hydrated  lime  admixtures  on  concrete.  For  instance,  taking  mix  1  :  5 
and  flow  210,  we  find  that  the  water  ratio  for  flow  210  used  in  the  plain 
concrete  was  0.90.  By  projecting  the  intercept  of  the  210  flow  line 
with  the  plain  concrete  Une,  in  the  lower  curve,  upward  to  an  inter- 
cept with  the  strength  line,  in  the  upper  set,  we  find  that  the  cor- 
responding strength  of  the  plain. specimen  is  2500  lb.  per  sq.  in.  In 
a  similar  way  we  find  that  the  water  ratio  for  the  5-per-cent  admixture 
is  0.91  and  the  strength  about  2700  lb.  per  sq.  in.;  again,  in  a  similar 
manner,  we  find  that  for  the  33  per  cent  admixture  the  strength  is 
2440  lb.  per  sq.  in.  which  is  well  within  the  allowable  laboratory  varia- 
tion and  certainly  does  not  show  that  the  admixture  of  hydrated  lime 
caused  a  falling  off  in  the  strength  of  the  concrete  and  hardly  sub- 
stantiates the  conclusions  given  in  the  paper.  A  large  number  of 
points  have  been  run  through  on  these  curves  in  a  similar  manner  and 
show  that  if  the  concrete  was  not  improved  as  far  as  strength  was 
concerned,  that  the  variation  in  strength  was  well  within  the  allowable 
limits  of  laboratory  variation.  The  majority  of  points  show  an  im- 
provement in  strength. 

A  complete  mathematical  analjrsis  of  the  data  contained  in  Table 
IV  of  the  paper  and  in  Table  I  of  the  discussion  of  the  Report  of 
Committe  C-7  for  1921,  computed  by  comparing  the  actual  strengths 
reported  for  the  several  specimens  with  the  theoretical  strengths 
as  determined  from  the  evaluated  strength  formula,  gives  the  results 
shown  below.  In  scanning  these  tables  it  should  be  borne  in  mind 
that  the  strength  formula  was  evaluated  by  taking  the  average  of  all  of 
the  data  given  in  all  tables,  for  the  plain  concretes.  This  fact  will 
account  for  the  apparent  inconsistencies  in  the  following  summary: 
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Differences  in  Compressive  Strength,  lb.  per  sq.  in.,  of  Data  Given  in  Paper 
AND  Strength  as  Computed  from  Formula. 


Qfdntod  liaw,  p«  oiBi ' 


Miztunt. 


1:9 


1:9      1:6 


1:4 


1:S 


1:2 


^^        HydntodLimt. 


BkTk  ntoM 

Tabu  IV. 

0 

+  15 

-  10 
+  96 
+190 
+212 

+122 

-80 

+  12 
+1«2 
+298 
+8W 

+206 

-48 

-  60 

+100 
+125 

+222 

+147 

-198 

-48 

-46 

-  17 
+  27 
+  87 
+  60 

+  20 

-206 

-212 
-180 

-  60 

-  70 

-  83 

-101 

-108 

-  48 
+  48 
+180 
+168 
+189 

+  86 

5 

+107 
+143 
+190 

(108-48)+6-+12^ 
+11J> 

10 

20 

38 

+  &1 

60 

+  4.0 

+126 

+10.6 

Data  rwom  Tabu  I  or  tkb  Ducubuon,  Rbpobt  or  CommiD  C-7, 1921. 


0 

-  44 

+    6 
+    2 

iS 

+  28 

-28 

V^ 

+170 
+266 

+157 

+102 
+191 

+100 

+190 
+216 
+122 
+108 

+169 

+  74 
+104 

iS 

-102 
-  15 

+  42 

+122 
+112 
+  76 
+110 

+105 

5 

(122-42)  •I-6- +16.0 

10 

+  7i) 

20 

+  1.7 
+  2.1 

33 

AyeiBCe.  Hydrated  Lime  only. . 

+  8.7 

Results  of  the  Analysis  of  All  Mixtures,  All  Consistencies,  and  All  Per- 
centages OF  Hydrated  Lime  Admixtures. 


Hydreted  Lime,  per  eent. 

Net  Effect  on  Strengths, 
lb.  per  eq.  m. 

Average 
Effect. 

Per  1  Per  Cent  Hydrated  lime. 

Table  IV. 

Table  I. 

DieeuMon. 

1921 

Table  IV. 

Table  I. 

Di»imioii. 

1921 

AveragB. 

0 

6 

-108 

-48 
+  48 
+180 
+168 
+189 

+  85 

+  42 

+122 
+112 
+  76 
+110 

+105 

-  33 

4  87 
+  80 
+108 
4134 

+  96 

+12.0 
+16.6 
+11.9 
+  8.1 
+  4.9 

+10.6 

+16.0 
+  7.0 
+  1.7 
+  2.1 

+  8.7 

+14.0 

10 

+11.6 

20 

+  6.8 

33 

+  6:i 

50 

Ayer«ffe.Hydntted  lime  only 

+  9.6 

Analyzing  aU  mixtures,  all  consistencies  and  all  percentages  of 
hydrated  lime  by  comparison  with  the  evaluated  strength  formula 
results  we  find  that  instead  of  "In  usual  concrete  mixtures,  each  1 
per  cent  of  hydrated  lime  (in  terms  of  'the  volume  of  cement)  reduced  the 
compressive  strength  0.5  per  cent;  1  per  cent  by  weight  of  cement 
reduced  the  strength  1.2  per  cent.  .  .  .  "  (Conclusion  2,  page 
201,  Proceedings,  Vol.  XX,  Part  11)  that  as  a  matter  of  fact  the  strength 
was  increased  to  the  extent  of  9.6  lb.  per  sq.  in.,  on  the  average,  for 
each  1  per  cent  of  hydrated  lime  admixed  and  this  in  spite  of  the  fact 
that  the  water  to  compensate  for  the  hydrated  lime  was  added  on  a 
purely  arbitrary  and  empirical  basis  and  in  excessive  amounts. 
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EFFECT  OF  HYDRATED  LIME  ON  THE  STRENGTH  AND 
FLOW  OF  CONCRETE. 

By  Warren  E.  Emley.* 

For  several  years  past,  many  investigators  have  been  trying  to 
ascertain  whether  or  not  the  addition  of  hydrated  lime  to  concrete 
is  worth  while.  Their  work  has  resulted  in  radically  different  con- 
clusions. Since  the  integrity  of  the  experimenters  is  above  criticism, 
it  must  needs  follow  that  there  is  a  reason  for  these  discrepancies. 

To  find  this  reason,  1600  specimens  of  concrete,  with  and  without 
lime,  and  with  varying  amounts  of  water  and  different  storage  condi- 
tions, were  tested  for  compressive  strength  and  "flow."  The  results 
are  shown  in  the  curves  given  in  Fig.  1.  This  work  was  done  in 
cooperation  with  the  Cement  Section  of  the  U.  S.  Bureau  of  Standards, 
Messrs.  F.  A.  Hitchcock  and  J.  R.  Dwyer  thereof  being  largely 
responsible  for  its  planning  and  completion. 

From  these  curves,  the  following  general  truths  are  obvious: 

1.  If  water,  but  no  lime,  is  added  to  a  given  concrete,  the  flow 
will  be  increased  and  the  strength  decreased.  i 

2.  If  lime,  but  no  water,  is  added  to  a  given  concrete,  the  flow 
will  be  decreased  and  the  strength  increased. 

These  statements  bear  out  the  results  obtained  by  other  investi- 
gators. They  are  perfectly  obvious  from  the  curves,  which  show 
them  to  hold  practically  without  exception. 

It  follows  as  a  logical  corollary  to  the  above  conclusions  that  if 
both  lime  and  water  are  added  to  a  given  concrete,  the  effect  on 
both  the  strength  and  the  flow  may  be  plus,  minus,  or  zero,  depending 
upon  the  numerical  values  of  the  factors  involved.  These  factors  are 
three:  The  character  of  the  given  concrete,  the  change  due  to  the 
lime,  and  the  change  due  to  the  water. 

The  value  of  the  first  factor  will  depend  upon  whether  the  given 
concrete  is  wet  or  dry,  rich  or  lean,  and  upon  the  nature  and  propor- 
tions of  the  aggregate.  Any  change  in  this  factor  may  easily  mask 
the  effect  of  the  other  two.  Failure  to  allow  for  this  point  is  probably 
the  cause  of  the  noted  discrepancies  found  by  different  investigators. 

*  Chemiflt.  U.  S.  Bureau  of  Standards.  Washington.  D.  C. 
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To  illustrate  the  conclusions  given  above,  as  well  as  the  method 
of  using  the  curves,  the  following  examples  have  been  selected: 

1.  Given  a  1  : 2  : 4  concreite,  8.05  per  cent  of  water  (this  has  a 
flow  of  150  and  a  strength  of  2100  lb.  per  sq.  in.),  to  determine  the 
effect  on  the  strength  if  lime  is  added  with  enough  water  to  keep  the 
flow  constant: 


LnfB. 

Water. 

Strength. 

PER  CENT. 

PER  CENT. 

LB.  PER  SQ.  IN. 

Flow. 

0 

8.05 

2100 

150 

5 

8.3 

2130 

150 

10 

8.6 

2250 

150 

15 

9.15 

2200 

150 

2.  Given  a  1  :  l|  :  3  concrete,  9.05  per  cent  of  water  (this  has  a 
flow  of  172  and  a  strength  of  2500  lb.  per  sq.  in.),  to  determine  the 
effect  on  the  flow  if  Ihne  is  added  wiUi  enough  water  to  keep  the 
strength  constant: 


Ldcb, 

Water. 

Strength, 

PER  CENT. 

PER  CENT. 

LB.  PER  8Q.  IN. 

Plow. 

0 

9.05 

2500 

172 

5 

9.85 

2500 

176 

10 

10.3 

2500 

187 

15 

10.65 

2500 

183 

In  both  of  the  above  examples,  the  addition  of  10  per  cent  of  lime 
is  apparently  beneficial,  but  the  effects  are  within  the  probable  ejcperi- 
mental  error.    This  fact  may  be  emphasized  by  a  third  example: 

3.  Given  a  1  :  2^  :  5  concrete,  9  per  cent  of  water  (this  has  a 
flow  of  202  and  a  strength  of  1007  lb.  per  sq.  in.),  to  determine  the 
effect  on  the  strength  if  lime  is  added,  with  enough  water  to  keep  the 
flow  constant: 


Limb, 

Water, 

Strength, 

PER  CENT. 

PER  CENT. 

LB.   PER  SQ.   IN. 

Plow. 

0 

9 

1007 

202 

5 

9.55 

997 

202 

10 

9.95 

997 

202 

15 

10.2 

1000     . 

202 

Obviously,  such  examples  could  be  repeated  indefinitely,  but 
enough  have  been  cited  to  warrant  the  following  conclusions: 

The  effect  of  hydrated  lime  on  concrete  will  depend  first  of  all 
on  the  properties  of  the  concrete,  whether  wet  or  dry,  rich  or  lean,  on 
the  nature  of  the  aggregate,  etc. 

The  effect  of  the  addition  of  lime  and  the  effect  of  the  addition 
of  water  will  be  in  opposite  directions.    The  net  effect  when  t>oth  are 
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added  will  be  an  algebraic  sum,  and  may  be  plus,  minus,  or  zero,  de- 
pending upon  the  relative  magnitudes  of  the  eflfects  of  each,  acting 
separately.  This  in  turn  will  depend,  not  only  on  the  amounts  of 
lime  and  of  water,  but  also  on  the  properties  of  the  original  concrete. 

From  the  above  discussion,  it  is  seen  that  the  effect  of  hydrated 
lime  on  the  strength  and  flow  of  concrete  depends  somewhat  on  the 
amount  of  lime  added,  somewhat  on  the  amount  of  water  added  to 
compensate  for  the  lime,  but  chiefly  upon  the  initial  character  of  the 
concrete  to  which  the  lime  and  water  are  added. 

On  the  assumption  that  the  flow  table  is  the  best  present  method 
for  measuring  the  workability  of  concrete,  it  would  seem  fair  to  com- 
pare the  strength  of  concretes  having  equal  flow.  However,  the 
Bureau  has  long  recognized  the  lunitations  of  the  flow  table,  as  shown 
by  the  increase  in  irregularity  of  the  flow  ciirves  as  the  mixes  become 
of  a  more  segregating  nature.  We  are  contmuously  striving  to  devise 
some  modification  of  the  flow  test  that  will  differentiate  between  mix- 
tures having  the  same  flow  but  of  varying  quantities  of  component 
materials,  which  in  themselves  affect  the  workability. 
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INVESTIGATION   OF   EFFECT   OF   HYDRATED   LIME   IN 

CONCRETE. 

By  H.  F.  Clemmer.i 

The  variety  of  opinions  of  engineers  on  the  eflfect  of  hydrated 
lime  in  concrete  has  led  the  Bureau  of  Tests  of  the  Illinois  Division 
of  Highways  to  conduct  tests  with  this  material  in  an  effort  to  arrive 
at  definite  conclusions  in  regard  to  its  usage.  The  tests  as  conducted 
were  expected  to  furnish  information  regarding  the  effect  of  hydrated 
lime  on  the  strength  of  concrete  in  which  sands  of  different  fineness 
were  used,  and  also  the  effect  of  the  material  in  stabilizing  the  moisture 
content  of  the  concrete. 

The  coarse  aggregate  used  in  making  the  specimens  for  this 
investigation  was  kept  constant  in  every  case,  but  the  fine  aggregate 
consisted  of  two  sands  of  different  finenesses.  Both  sands  were 
divided  on  a  20-mesh  sieve  and  in  one  set  of  the  specimens  the  sand 
was  reproportioned  50  per  cent  by  volume  passing  the  20-mesh  sieve 
and  50  per  cent  retained  on  the  sieve.  In  the  other  set  the  volumetric 
proportion  was  76  per  cent  passing  and  24  per  cent  retained  on  the 
20-mesh  sieve. 

All  materials  were  proportioned  by  weight  but  conformed  with 
the  state  standard  volumetric  mix  of  1:2:  3^.  The  constancy  of 
the  consistency  was  determined  by  the  flow  table  method.  The  water 
was  weighed  for  each  batch  and  the  water-cement  ratio  determined 
in  every  case.  This  ratio  was  kept  exceptionally  uniform  in  the  con- 
struction of  the  specimens. 

The  specimens  consisted  of  48  beams,  8  by  12  by  30  in.,  for  trans- 
verse tests,  and  100  cylinders,  6  by  12  in.,  for  compression  tests.  The 
specimens  were  broken  at  the  end  of  30  and  60  days. 

The  following  tables  show  the  results  obtained  from  the  specimens 
made  up  .with  the  different  sands  and  containing  the  various  percent- 
ages of  hydrated  lime: 

I  Engineer  of  Tests.  Illinois  Division  of  Highways. 
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At  30  Days.  At  60  Days. 

Lime.  Modulus       Compressivb       Modulus       Compressive    Compressive 

PER  CENT.     No.   OF  RUPTURS.    STRENGTH.    OF  RUPTURB.    STRENGTH.     STRENGTH. 

lb.  per  sq.  in.  lb.  per  sq.  in.  lb.  per  sq.  in.  lb.  per  sq.  in."  lb.  per  sq.  in.^ 
Coarse  Sand. 

o! HL-1    622       2  992       755       3  710      3  892- 

.2i HL.2    583       3  002       736       3  650      3  853 

5 HL-3    621       3  664       793       4  175      4  748 

7J HL-4    581       3  489       693       3  745      3  678 

Fine  Sand. 

0 HL-8    605       2  978  643  3  837  3  910 

2J HL-5    575      3  354  747  3  733  3  833 

5 HL-6    573       3  752  633  3  700  3  503 

7} HL-7    558       2  971  682  3  728  3  390 

*  60  days  damp  sand  storage. 

^  30  days  damp  sand.  30  days  in  air. 

The  results  as  shown  by  the  above  tables  indicate  that  the 
difference  in  transverse  strength  between  the  specimens  containing 
the  hydrated  lime  and  those  in  which  no  lime  was  incorporated  is 
very  slight,  so  small  that  it  cannot  be  considered  as  a  real  difference 
due  to  the  presence  of  the  lime.  This  is  also  the  case  with  the  speci- 
mens containing  the  fine  sand  and  the  coarse  sand  as  very  little  differ- 
ence in  modulus  of  rupture  is  noted. 

In  the  compression  tests  there  is  an  indication  that  5  per  cent 
of  the  hydrated  lime  used  with  concrete  containing  coarse  sand 
increases  the  strength  to  some  extent.  In  the  specimens  containing 
the  fine  sand,  however,  the  hydrated  lime  appears  to  decrease  the 
compressive  strength  of  the  concrete. 

The  investigation  of  the  stabilizing  effect  of  hydrated  lime  on 
the  moisture  content  of  the  concrete  consisted  of  placing  plain  and 
lime  incorporated  concrete  beams  under  the  same  conditions  of 
alternate  wetting  and  drying  and  observing  the  resulting  movements 
by  the  use  of  the  Berry  strain  gage.  No  conclusions  on  the  results 
of  these  tests  have  been  formed  up  to  the  present  time  as  the  investiga- 
tion is  still  in  progress.  It  is  also  the  intention  of  the  Bureau  of  Tests 
to  study  both  the  high  calcium  limes  and  the  magnesium  limes  before 
completing  these  tests. 

A  more  thorough  investigation  on  the  effect  of  hydrated  lime  in 
concrete  is  now  being  outUned  and  will  probably  be  undertaken  within 
a  short  time.  The  results  of  this  investigation  will  undoubtedly  be 
of  greater  value  than  any  of  the  tests  conducted  to  date  in  this  type 
of  study  by  the  Illinois  Highway  Department. 
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APPENDIX   IV. 


EFFECT  OF  HYDRATED  LIME  ON  STRENGTH  AND  FLOW 

OF  CONCRETE. 

By  H.  C.  Berry,^ 

The  results  here  presented  are  those  of  tests  of  6  by  12-m.  con- 
crete cylinders,  made  in  the  testing  laboratory  of  the  University  of 
Pennsylvania.  The  oiiginal  series  was  planned  to  show  the  com- 
parative strengths  of  different  concrete  aggregates.  To  this  we  added 
120  cylinders,  to  half  of  which  lime  was  added  equal  to  five  per  cent 
of  the  weight  of  the  cement,  and  to  the  other  half  ten  per  cent  of  lime 
was  added.  The  results  of  specimens  from  the  larger  series  were  used 
for  comparison  for  zero  per  cent  of  lime.  Two  coarse  aggregates, 
f-in..  gravel  and  f-in.  crushed  stone,  were  used.  The  cement  was  a 
mixture  of  four  standard  brands.  The  fine  aggregate  was  yellow  river 
sand,  locally  known  as  Jersey  gravel,  having  a  fineness  modulus  of 
3.4  The  fineness  modulus  of  the  f-in.  gravel  was  6.9;  of  the  f-in. 
crushed  trap  rock,  7.4.  The  proportions  were  1:2:4  and  1  :  2j  :  5, 
by  volume.  Two  consistencies  were  studied:  a  dry  consistency,  in 
which  enough  water  was  used  to  obtain  a  flow  of  165  on  a  flow  table 
which  is  essentially  like  the  one  at  the  U.  S.  Bureau  of  Standards,  and 
a  wet  consistency,  which  gave  a  flow  of  190. 

All  specimens  were  mixed  by  hand  in  single  specimen  batches. 
The  specimens  were  stored  in  damp  sand  and  tested  at  28  days,  being 
taken  from  the  sand  two  days  before  the  test  was  made.  They  were 
carefully  capped  and  tested  with  a  spherical  compression  block, 
having  an  angle  attached  so  as  to  make  it  self-centering.  The  load 
was  applied  at  a  continuous  rate,  the  downward  motion  of  the  testing 
machine  head  being  about  0.05  in.  per  minute.  The  deformations 
were  taken  and  plotted  semi-automatically. 

The  specimens  were  made  and  tested  by  recent  graduates  of  the 
Civil  Engineering  Department  who  had  practiced  continuously  in  the 
laboratory  for  about  three  weeks  before  making  up  the  specimens 
containing  lime  in  this  series.  The  average  results  are  given  in 
Table  I.  These  may  be  studied  best  from  examination  of  their 
respective  locations  on  a  diagram  similar  to  that  shown  in  Fig.  1 
of  Appendix  II.    As  Mr.  Emley  has  shown  in  this  figure,  they  indicate 

>  Professor  of  Materials  of  Construction.  University  of  Pennsylvania. 
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that  if  both  water  and  lune  are  added  to  the  same  batch,  as  compared 
with  an  exactly  otherwise  similar  batch,  the  strength  of  the  second 
one  may  be  made  either  greater  or  less.  His  curves  show  if  lime  is 
added  and  water  kept  constant  the  strength  is  increased,  and  the  flow 
table  numbei;  decreased.  In  this  series  the  flow  was  kept  constant, 
but  because  of  the  addition  of  the  lime  the  water  percentage  had  to 
be  varied.  Hence,  it  is  not  conclusively  shown  by  an  examination 
of  the  table  whether  the  lime  increased  or  decreased  the  strength  of 
the  concrete-  In  six  of  the  eight  cases  where  lime  was  added  to  the 
concrete  of  rich  proportion,  the^  strength  was  materially  increased  over 
that  of  corresponding  plain  concrete.     Due  to  the  addition  of  the 


Table  I. — ^Results  op  Tests  at  University  op  Pennsylvania  on  Effect  of 
Hydrated  Lime  on  Strength  op  Concrete. 

l:a:4Miz. 

l:3|:6Mii. 

Dry.  166  Flow  l^ble. 

Wet.  IM  Flow  Tftble. 

Dry.  166  Flow  l^bto. 

Wet,  IM  Flow  I^Ue. 

W«ler. 
P6re«Bt« 

Ib.p«r«i.m. 

Water, 
pereent.' 

lb.  per  eq.  in. 

Water, 
peroeat> 

lb.  per  iq.  in. 

Water. 
Ptfeent.^ 

lb.  per  iq.  in. 

Aeousin:  Hn.  Gratbl. 


0 

7.8 

2678 

8.8 

2016 

7.6 

1967 

8.8 

1631 

4 

8.6 

8888 

8.9 

2338 

8.3 

1866 

8.36 

1716 

10 

8.9 

2340 

9.3 

2340 

8.3 

1822 

8.3 

1914 

AacnnoAn:  f-oi.  CnuniD  Siora. 


0 

8.7 

2843 

9.4 

2049 

7.6 

1842 

8.1 

1606 

6 

8.9 

2889 

10.0 

2842 

8.26 

2116 

8.6 

2248 

10 

9.6 

3021 

10.0 

2640 

8.6 

2082 

9.1 

2384 

oTwiiditoreeBunt. 
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lime,  more  water  was  needed  to  obtain  the  same  flowability,  this 
water,  of  course,  having  a  tendency  to  decrease  the  strength  of  the 
concrete,  yet,  since  in  six  of  the  eight  cases  the  strength  is  actually 
greater,  we  must  conclude  that  the  lime  does  not  decrease  the 
strength  of  the  concrete  but  adds  to  it.  The  same  conclusion  holds 
for  the  concrete  of  the  leaner  mix,  since,  again,  in  six  of  the  eight 
possible  cases  there  is  a  greater  strength  for  those  mixtures  to  which 
lime  was  added.  The  percentage  of  increase  for  the  six  cases  is  slightly 
greater  for  the  lean  concrete  than  for  the  richer,  again  tending  to  show 
that^the  addition  of  lime  has  no  harmful  effect  on  the  strength  of  the 
concrete. 
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Mr.  Abrams.  Mr.    D.    A.    Absams    {hy  leUer). — Mr.    Shertzer's   discussion 

(Appendix  I)  is  devoted  to  a  detailed  criticism  of  tests  carried  out 
under  my  direction.  Our  experimental  studies  of  the  effect  of  hydrated 
Ume  and  other  powdered  admixtures  on  the  strength  and  other  prop- 
erties of  concrete  included  over  20,000  tests  and  were  probably  the 
most  comprehensive  that  have  been  imdertaken.  They  extended  over 
abput  5  years  and  were  made  in  the  light  of  over  a  dozen  years' 
experience  in  tests  of  cement,  concrete  and  other  materials  of  con- 
struction. In  these  tests  we  introduced  all  the  refinements  then 
known  to  the  art  of  concrete  testing,  many  of  which  owed  their 
origin  to  the  work  of  this  laboratory,  ^r.  Shertzer  comments  on 
the  "remarkable  imiformity  of  tha  results." 

It  is  apparent  to  anyone  that  hydrated  lime  has  different  proper- 
ties from  Portland  cement.  The  only  assmnption  made  in  our  tests 
was  that  the  quantity  of  mixing  water  should  be  increased  in  propor- 
tion to  the  quantity  and  normal  consistency  of  the  hydrated  lime. 
The  normal  consistency  of  hydrated  Ume  was  determined  in  the 
same  manner  as  for  the  cement.  This  seems  to  be  an  entirely  reason- 
able procedure,  since  the  lime  must  combine  in  a  mixture  which  is 
plastic  in  the  same  way  as  the  cement.  The  same  method  was  used 
for  17  other  powdered  admixtures  which  were  included  in  our  tests. 
The  fact  that  cement  later  hardens  due  to  chemical  combination  with 
the  water  has  no  bearing  on  the  question  of  workability  of  the  concrete. 

Mr.  Shertzer  states:  "It  is  generally  conceded  by  those  who  are 
familiar  with  hydrated  lime  admixed  in  concrete,  and  who  have 
worked  with  it,  that  the  maximimi  amount  of  water  which  should  be 
used  on  its  accoimt,  is  only  so  much  as  will  satisfy  its  absorptive 
qualities,  Qr  properties.  Absorption  is  here  used  in  its  broad  sense 
and  may  be  divided  into  four  heads,  namely,  absorption,  adsorption, 
mechanically  restrained  and  the  possibility  of  a  small  amount  being 
taken  up  by  chemical  action."  He  does  not  here  state  how  much 
water  is  absorbed  by  hydrated  lime  (no  comments  are  made  on  the 
unusual  liberties  in  the  matter  of  definitions) ;  fortunately,  however, 
he  has  given  his  views  in  a  discussion  before  the  City  Paving  Con- 
ference, Philadelphia,  October,  1921,  in  these  words:  "Hydrated 
lime  has  the  property  of  absorbing  its  own  weight,  or  more,  of  water."* 

Assuming  that  Mr.  Shertzer  uses  the  word  "absorb"  in  the  same 
sense  in  both  discussions,  we  find  that  he  would  allow  nearly  twice 

^Canadian  Engineer,  January  3,  1922.  p.  111. 
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the  amount  of  water  for  the  lime  that  was  added  by  us.    According  to  Mr.  Abrtmi. 
our  test  methods,  to  which  Mr.  Shertzer  objects,  the  water  added  on 
account  of  the  lime  was  on  the  basis  of  a  normal  consistency  of  60 
per  cent  (or  less)  by  weight.     (See  Table  III  of  our  paper.) 

Mr.  Shertzer's  objections  to  the  use  of  the  Vicat  needle  for  deter- 
mination of  the  normal  consistency  of  lime  has  no  proper  basis;  this 
method  is  satisfactory  for  cement  and  there  appears  to  be  no  reason 
why  it  should  not  be  used  for  lime  to  be  mixed  with  cement.  It  is  an 
interesting  fact  that  the  normal  consistency  by  volume  is  practically 
constant  for  the  18  powdered  admixtures  used  in  our  tests,  although 
the  values  by  weight  varied  from  8.4  per  cent  for  ironite  to  230  per  cent 
for  kieselguhr.  This  uniformity  of  results  for  materials  of  the  greatest 
variety  seems  to  be  a  strong  argument  in  favor  of  the  use  of  the  Vicat 
needle  for  this  purpose.  (I  do  not  venture  an  opinion  of  the  suitability 
of  this  test  for  lime  for  other  purposes.)  The  Standard  Specifications 
and  Tests  for  Portland  Cement  of  this  Society  indicate  the  exact 
method  to  be  followed  in  all  the  details  of  the  normal  consistency  test, 
hence  all  the  pitfalls  listed  by  Mr.  Shertzer  were  avoided. 

The  statements  regarding  the  chemical  action  of  lime  and  cement 
are  both  erroneous.  It  is  beside  the  point  to  assume  that  lime  absorbs 
"carbon  dioxide  from  the  air  and  is  changed  into  crystallin  calcium 
carbonate"  when  these  tests  were  in  general  made  on  damp  concrete 
at  the  age  of  28  days  or  less.  It  is  well  known  that  lime  does  not 
carbonate  for  years  or  even  centuries,  unless  it  becomes  dry  and  has 
free  access  to  air.  There  is  little  or  no  evidence  to  prove  that  the 
hydration  of  portland  cement  is  in  any  way  affected  by  the  quantity 
of  mixing  water  used,  so  long  as  there  is  sufficient  water  to  satisfy 
the  chemical  requirements  of  the  cement — ^probably  not  more  than 
25  to  30  per  cent  of  the  water  in  ordinary  concrete  mixtures.  The 
evidence  shows  that  each  particle  of  cement  hydrates  regardless  of 
the  quantity  of  water.  However,  in  the  case  of  concrete  with  an 
excess  of  mixing  water,  the  cement  particles  are  so  dispersed  and  the 
resulting  solution  is  so  diluted  that  it  is  greatly  weakened  as  compared 
with  a  concrete  mixed  to  normal  consistency. 

Mr.  Shertzer  objects  to  our  method  of  multiplying  the  quantity 
of  water  required  by  a  relative  consistency  of  1.00  in  order  to  secure 
other  consistencies,  on  the  ground  that  a  constant  quantity  of  water 
should  have  been  added  regardless  of  the  relative  consistency  of  the 
concrete.  It  was  our  purpose  to  obtain  a  graduated  series  of  consis- 
tencies, and  in  doing  so,  the  hydrated  lime  was  treated  exactly  in  the 
same  manner  as  other  materials  in  the  batch. 
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Mr.  Abrmms.  Mr.  Shertzer  calls  attention  to  differences  between  the  values  in 

our  Table  XVI  and  the  slump  required  by  our  definition  of  normal 
consistency.  It  would  readily  be  found  by  anyone  who  makes  a  few 
slump  tests  that  this  test  cannot  be  interpreted  too  strictly.  The 
slump  test  was  not  depended  upon  for  detennining  the  quantity  of 
mixing  water;  the  quantity  was  determined  by  calculation  and  the 
slump  recorded  as  a  rough  measure  of  workability. 

In  his  Tables  II  and  III  of  his  discussion,  Mr.  Shertzer  notes 
slight  discrepancies  between  the  relative  consistencies  and  the  relative 
water  contents.  His  confusion  arises  from  the  fact  that  we  recorded 
the  total  quantity  of  mixing  water  added  to  the  batch,  without  cor- 
rection for  absorption  of  water  by  the  aggregate.  It  is  obvious  that 
it  is  proper  to  make  such  a  correction.  Except  for  the  wetter  mix- 
tures, the  total  discrepancy  to  which  he  calls  attention  represents  a 
variation  of  not  more  than  2  per  centy  which  would  not  appreciably 
affect  the  strength. 

Mr.  Shertzer  claims  it  would  have  been  more  logical  to  have 
determined  the  proper  quantity  of  mixing  water  in  the  concrete  by  use 
of  the  slump  or  flow  test.  As  pointed  out  above,  the  slump  test  is 
not  sufficiently  refined  to  warrant  such  a  procedure,  especially  when 
studying  the  effect  of  small  quantities  of  lime.  The  flow  test  is  more 
accurate  and  was  used  in  tests  in  Group  4  of  our  Table  III  {Proceedings, 
Vol.  2 1 ,  p.  305) .  These  tests  are  shown  graphically  in  our  Figs.  4  and  5. 
In  Fig.  5. the  data  are  compared  with  data  from  Group  1  in  which  the 
quantity  of  water  was  predetermined  by  calculation.  This  diagram 
shows  the  quantity  of  mixing  water  used,  compressive  strength  and 
flow.  It  will  be  noted  that  there  was  little  difference  in  the  results 
secured  by  the  two  methods. 

In  his  Table  IV,  Mr.  Shertzer  gives  the  quantities  of  water  for 
the  1  :  4  mix  from  our  Table  IV  {Proceedings,  Vol.  XX,  p.  158)  express- 
ing it  as  percentages  of  the  water  used  for  concrete  without  lime  and  a 
relative  consistency  of  1.00.  He  states:  "for  50  per  cent  admixture 
of  hydrated  lime  in  colimin  headed  1 .00,  26  per  cent  more  water  was 
used  than  in  the  plain  concrete,  while  in  coliunn  headed  2.00,  there 
was  53  per  cent,  or  more  than  twice  as  much  extra  water  used,"  It 
should  be  pointed  out  that  (l)  twice  as  much  water  was  added  for 
each  of  the  materials  in  the  concrete  (the  hydrated  lime  was  treated 
the  same  as  other  materials) ;  (2)  while  it  is  true  that  53  per  cent  more 
water  was  used  for  concrete  having  a  relative  consistency  of  2.00  and 
50  per  cent  lime  than  for  concrete  having  a  relative  consistency  of  1.00 
and  no  lime,  only  26  per  cent  more  water  was  used  than  for  concrete 
of  similar  consistency  with  no  lime.     In  other  words,  the  quantity  of 
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water  attributed  to  hydrated  lime  was  increased  in  the  same  proportion  Mr.  Abrams. 
for  all  consistencies.    Hence  it  is  seen  that  the  values  in  Table  IV  are 
entirely  beside  the  point  and  exhibit  a  lack  of  understanding  of  the 
principles  involved. 

He  cites  data  from  our  Table  IV  to  show  that  while  the  same 
amount  of  water  was  added  to  account  for  the  lime  for  all  mixtures, 
relatively  less  water  was  added  for  the  lime  in  the  leaner  mixtures. 
On  this  basis  Mr.  Shertzer  objects  to  our  Conclusion  6,  "Rich  concrete 
mixes  showed  a  greater  loss  in  strength  due  to  powdered  admixtures 
than  the  leaner  ones.  Lean  mixes  (l  :  9  to  1  :  6)  and  in  those  with 
aggregates  graded  too  coarse  for  the  quantity  of  cement  used,  the 
strength  was  little  affected  or  was  slightly  increased  by  admixtures 
up  to  50  per  cent."  He  states  that  "A  very  cursory  examination  of 
Tables  II  and  V  will  show  why  the  leaner  mixtures  were  little  affected." 
It  is  obvious  that  the  relative  quantity  of  water  added  to  the  con- 
crete due  to  hydrated  lime  would  be  greater  in  the  richer  mixtures 
than*  in  the  leaner  ones,  since  the  richer  mixtures  contain  a  greater 
volimie  of  lime.  Mr.  Shertzer  seems  to  have  fallen  into  the  error  of 
assuming  that  Ume  requires  different  quantities  of  water  for  a  given 
plasticity,  depending  on  the  nature  of  the  concrete  in  which  it  is  used. 
Our  tests  show  this  is  not  the  case. 

In  Fig.  1,  Mr.  Shertzer  puts  in  graphic  form  his  opinion  of  the 
quantity  of  water  which  we  should  have  used  to  take  care  of  the  lime. 
This  point  needs  no  further  discussion,  except  to  reiterate  that  we 
wished  to  secure  concretes  of  a  graduated  series  of  consistencies,  and 
that  the  hydrated  lime  was  treated  in  exactly  the  same  manner  as  the 
other  ingredients. 

In  Figs.  2  and  3,  Mr.  Shertzer  has  plotted  data  from  our  Table  IV 
showing  the  relation  between  relative  consistency  and  compressive 
strength  of  concrete  fordifferent  percentages  of  lime.  Thisdiagram  con- 
tains curves  drawn  from  values  calculated  from  a  water  ratio -strength 

A 
relation  of  the  form  S  =  — .    These  curves  are  said  to  be  based  on  our 
B' 

tests  of  "plain  concrete."  Apparently  A  =  14,000  and  5  ==  7  were  the 
values  obtained.  Using  the  formula  based  on  concrete  with  no  lime, 
he  calculates  "5"  for  water  ratios  of  concrete  containing  33  or  50 
per  cent  of  hydrated  lime  "according  to  the  maximum  admixture 
used."  This  relation  is  shown  in  the  lower  smooth  curves.  He  states: 
"When  the  plotted  data  are  considered  in  connection  with  these  theo- 
retical strength  curves,  it  will  be  observed  that  the  presence  of  the 
hydrated  lime  considered  in  connection  with  the  data  had  a  decidedly 
beneficial  effect  and  this  in  spite  of  the  excessive  amount  of  water 
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Mr.  Abrams.  used."  A  Correct  interpretation  of  the  diagram  shows  no  such  thing. 
The  series  of  "theoretical  curves"  in  Fig.  2  have  no  direct  hearing 
on  effect  of  lime  on  the  strength  of  concrete.  These  diagrams  repre- 
sent a  mere  juggling  of  figures.  Mr.  Shertzer  has  failed  to  point  out 
in  what  way  they  show  "a  decidedly  beneficial  effect"  for  lime  and  it 
seems  unlikely  that  the  casual  reader  could  reconstruct  his  line  of 
thought.  What  Mr.  Shertzer  probably  intends  the  reader  to  infer 
is  that  our  test  data  show  that  concrete  containing  lime  give  values 
higher  than  those  for  similar  concrete  without  liriie.  However,  he  has 
failed  to  point  out  the  very  obvious  reason  for  the  relation  shown  in 
these  diagrams. 

Concrete  made  with  the  same  quantity  of  water  gives  higher 
strengths  (and  the  concrete  is  less  workable)  if  hydrated  lime  is  added, 
due  to  the  fact  that  a  portion  of  the  water  goes  to  wet  the  lime  and 
consequently  does  not  influence  the  concrete  strength  in  the  same  way 
that  an  equal  quantity  of  water  would  be  expected  to  do  under  usual 
conditions.  This  is  an  elemental  consideration  concerning  which  no 
mistake  should  have  been  made,  especially  since  this  very  point  was 
discussed  in  our  original  report  in  the  following  words  referring  to  a 
diagram  of  the  same  kind:  "These  curves  bring  out  the  water  ratio- 
strength  relation  for  different  conditions,  but  do  not  show  directly  the 
effect  of  hydrated  lime  on  the  strength  of  concrete.*'  (Proceedings, 
Vol.  XX,  Part  II,  p.  172.)  The  relative  plasticity  of  the  concrete  must 
be  taken  in  account  before  true  effects  can  be  shown.  The  following 
example  was  given  in  order  that  no  one  should  mistake  the  proper 
interpretation  of  the  figure: 

"The  water  ratio  of  1  :  4  mix,  relative  consistency  1.10,  with  aggr^ates  of 
fineness  modulus  5.75,  without  hydrated  lime  is  0.78;  with  50  per  cent  hydrated 
lime  it  is  1.00.  The  strength  in  the  first  instance  is  3100  lb.  per  sq.  in.,  while 
with  the  50  per  cent  hydrated  lime  it  is  2400  lb.  per  sq.  in." 

The  same  error  was  made  by  one  of  Mr.  Shertzer's  collaborators 
in  his  criticisms  of  our  tests  and  has  already  been  corrected  by  me  in 
two  different  publications;  see  Proceedings,  Vol.  XX,  Part  II,  1920, 
p.  217,  and  Engineering  News-Record,  December  30, 1920,  p.  1297. 

The  effect  of  adding  lime  to  concrete  without  changing  the 
quantity  of  mixing  water  is  clearly  shown  in  our  Table  XII,  Proceed- 
ings, Vol.  XX,  Part  II,  1920,  and  Table  HI,  Proceedings,  Vol.  21, 1921. 
Table  III  also  shows  the  decrease  in  the  plasticity  as  measured  by 
the  flow  table.  The  data  from  this  table  are  repeated  in  our  Fig.  4. 
The  method  by  which  the  water  was  assigned  to  the  various  constitu- 
ents of  the  concrete  has  no  bearing  on  the  position  of  the  diagrams  in 
which  strength  is  plotted  against  water  ratio.     It  should  be  noted 
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also  that  Mr.  Shertzer  has  based  his  comparisons  on  a  "general  average  Mr.  Abrams. 
value,"  which  may  not  be  representative  of  values  in  a  given  series 


10      15     20    25     30      0       5      10      15     20     25     30     ^5 
Hydrafcd  Lime,  per  ceni-  of  Volume  of  Cement. 

Fig.  1. — Effect  of  Hydrated  Lime  on  the  Strength  of  Concrete. 

Baaod  on  data  in  Table  I.  Proeudings,  Vol.  21.  1921.  p.  305. 

Compreasion  tests  of  6  by  12-m.  concrete  cylinders. 

Mix  by  volume. 

Cement:  a  mixture  of  4  brands  of  portland  cement,  purchased  in  Chicago. 

Aggregate:  Sand  and  pebbles  from  Elgin.  III.,  graded  0-1  i  in.  (finenen  modulus.  5.75). 

Results  based  on  tests  of  10  siMdmena  for  each  condition,  tested  on  different  days. 

specimens  stored  in  moist  room  until  test;  tested  damp  at  age  of  28  days. 

of  tests;  we  may  expect  somewhat  different  water  ratio-strength  rela- 
tions from  tests  made  over  a  considerable  period  of  time. 

In  Fig.  4,  Mr.  Shertzer  points  out  that  for  a  1  :  6  mix  the  strength 
of  concrete  is  little  affected  or  slightly  increased  by  the  addition  of 
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Mr.  Abrams.  hydrated  lime.  This  fact  is  clearly  shown  in  our  reports  and  attention 
is  called  to  it  in  our  Conclusion  6.  Had  Mr.  Shertzer  plotted  similar 
diagrams  for  the  usual  mixtures  he  would  not  have  found  this  bene- 
ficial effect.  Fig.  1  has  been  prepared  from  tests  in  our  Series  147 
(Proceedings J  Vol.  21,  p.  305,  Table  I),  it  is  similar  to  our  Fig.  2  in 
the  above  report,  except  that  the  curves  are  plotted  for  constant  flaw, 
rather  than  for  constant  consistency.  For  the  1  :  6  mix  the  strength 
is  seen  to  be  b'ttle  affected  or  slightly  increased  by  additions  of  hydrated 
lime  up  to  33  per  cent  of  the  volmne  of  cement.  For  the  richer  mix- 
tures, the  trend  of  the  curves  shows  a  decrease  in  strength  with  the 
addition  of  lime. 

While  Mr.  Shertzer's  Fig.  5  can  be  used  to  determine  the  effect 
of  hydrated  lime  on  concrete,  it.  is  arranged  in  such  a  manner  as  to 
give  an  erroneous  impression  unless  the  diagrams  are  studied  with 
care.  His  curves  for  concrete  containing  lime  are  in  general  above 
those  without  lime;  however,  he  fails  to  emphasize  the  fact  that  the 
points  lying  on  a  given  vertical  ordinate,  represent  different  consist- 
encies, and  consequently  that  the  differences  in  strength  result  from 
absorption  of  water  by  the  lime.  Mr.  Shertzer  has  worked  out 
two  examples  to  illustrate  the  use  of  this  diagram  for  comparing 
concrete  of  equal  flowability.  Our  Fig.  1,  discussed  above,  has  been 
prepared  from  the  same  data  and  shows  directly  the  effect  of  lime. 

The  burden  of  Mr.  Shertzer's  discussion  hinges  on  the  fact  that 
if  lime  is  added  to  concrete  without  increasing  the  quantity  of  mixing 
water  to  compensate  for  the  lime,  the  strength  is  increased.  He 
chooses  to  ignore  differences  in  plasticity  of  concrete  which  naturaUy 
result  from  this  procedure.  This  erroneous  interpretation  has  been 
made  in  spite  of  the  following: 

1.  Earlier  in  his  discussion  he  points  out  in  detail  the  factors 
which  affect  the  water  requirements  of  lime  in  concrete. 

2.  The  statements  in  our  report  should  have  prevented  an 
erroneous  interpretation  of  the  tests. 

3.  We  have  repeatedly  corrected  the  same  error  made  by 
earlier  critics  of  our  tests. 

His  statement  that  ^'Analyzing  all  mixtures,  all  consistencies 
and  all  percentages  of  hydrated  lime  by  comparison  with  the  evalu- 
ated strength  formula  results  we  find  ....  that  as  a  matter  of 
fact  the  strength  was  increased  to  the  extent  of  9.6  lb.  per  sq.  in., 
on  the  average,  for  each  1  per  cent  of  hydrated  lime  admixed,"  is 
true  only  by  virtue  of  the  clause  "by  comparison  with  the  evaluated 
strength  formula,^'  while  as  a  matter  of  fact  no  proper  comparison 
can  be  made  on  this  basis,  due  to  the  obvious  differences  in  plas- 
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tidty  discussed  above.  A  correct  interpretation  of  the  tests  shows  Mt.  Abrams. 
an  average  decrease  for  all  mixtures  and  consistencies  of  14  lb.  per  sq. 
in.  for  each  1  per  cent  of  hydrated  lime  (by  volume)  for  data  in 
our  Table  IV  {Proceedings^  Vol.  XX,  Part  II,  1920)  and  a  decrease  of 
9  lb.  per  sq.  in.  for  data  in  our  Table  I  {Proceedings,  Vol.  21,  1921). 
On  the  other  hand,  the  addition  of  1  per  cent  of  cement  increased  the 
strength  of  concrete  1  per  cent,  or  about  25  lb.  per  sq.  in.  for  the  usual 
concrete  mixtures.  The  values  from  Table  IV  are  based  on  con- 
crete of  the  same  consistency  as  measured  by  the  flow  table. 

After  a  thorough  review  of  our  reports  and  careful  consideration 
of  all  points  raised  by  Mr.  Shertzer,  we  find  no  reason  for  modifying 
our  original  conclusions  with  reference  to  the  effect  of  hydrated  lime 
in  concrete,  one  of  which  was:  "In  usual  concrete  mixtures  each  1 
per  cent  of  hydrated  lime  (in  terms  of  volume  of  cement)  reduced  the 
compressive  strength  0.5  per  cent;  1  per  cent  by  weight  of  cement 
reduced  the  compressive  strength  1.2  per  cent." 

The  two  '* general  truths"  stated  by  Mr.  Emley  have  long  been 
obvious  (when  applied  to  plastic  concrete),  as  was  fully  shown  by 
tests  carried  out  in  this  laboratory  two  to  four  years  ago.  It  is 
apparent  that  the  proper  balance  between  the  quantity  of  lime  and 
the  quantity  of  mixing  water  added  because  of  the  presence  of  the 
lime  is  the  basis  of  the  effect  of  hydrated  lime  on  the  strength  of 
concrete. 

Our  tests  which  cover  the  same  ground  as  Mr.  Emley 's  are: 

Series  1^7,  Group  1,  (1920)  1300  compression  tests  of  6  by  12-in. 
concrete  cylinders  at  age  of  28  days;  mixes  1  :  6  to  1  :  2;  5  different 
consistencies;  hydrated  lime  in  quantities  ranging  from  0  to  33  per 
cent  of  the  volume  of  cement;  flow  tests  made  on  all  batches. 

Series  H7,  (1920)  compression  tests  of  6  by  12-in.  concrete 
cylinders,  1  :  5  and  1  : 4  mixes  at  age  of  28  days;  hydrated  lime  or 
Portland  cement  up  to  33  per  cent  in  addition  to  the  initial  quantity 
of  cement,  for  two  conditions: 

1.  Mixing  water  constant,  regardless  of  quantity  of  admixtilre 
(variable  flow) ; 

2.  Flow  constant  (mixing  water  varying  with  quantity  of 
admixture). 

Series  114,  (1918),  compression  tests  of  6  by  12-in.  concrete 
cylinders,  1  :  5, 1  :  4,  and  1  :  3  mixes,  using  hydrated  lime  ranging  from 
0  to  50  per  cent  of  volume  of  cement;  constant  quantity  of  mixing  water 
for  a  given  mix. 

The  results  of  these  tests  are  given  in  full  in  Proceedings,  Am.  Soc. 
Test.  Mats.,  Vol.  21,  1921,  pp.  305  and  308,  and  Vol.  XX,  Part  II, 
1920,  p.  176. 
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Mr.  Abrams.  It  is  impossible  to  arrive  at  any  conclusion  as  to  the  value  o 

Mr.  Emley's  tests,  since  no  information  is  given  regarding  the  size 
and  grading  of  the  aggregate,  the  methods  of  mixing  the  concrete, 
sequence  of  making  specimens,  etc.,  or  the  number  of  tests  included  in 
each  point  on  the  diagram.  Mr.  Emley  states  that  the  effect  of  hy- 
drated lime  depends  on  the  "character  of  the  given  concrete,"  "on  the 
properties  of  the  concrete,"  "on  the  properties  of  the  original  con- 
crete," etc. ;  yet  he  does  not  state  the  nature  of  this  dependence  or  how 
it  is  brought  out  by  his  tests,  nor  does  he  give  the  reader  any  clue  to 
the  "character"  of  the  concrete  used.  It  seems  probable  that  the 
aggregate  was  graded  to  a  maximum  size  of  ^  to  f  in.,  since  3  by  6-in. 
cylinders  were  tested.    If  this  is  true,  the  mixtures  of  1  part  sand  to 

2  parts  coarse  aggregate  would  give  a  poorly  balanced  aggregate  with 
an  excess  of  coarse  particles. 

It  is  stated  that  1600  tests  were  made.  Eighty  points  are  found 
on  the  diagram.  We  can  assume  that  either  20  tests  were  averaged 
for  each  point,  or  that  other  ages,  curing  conditions,  etc.,  were  included, 
but  not  mentioned  in  the  report.  If  20  tests  were  made,  we  would 
expect  a  greater  regularity  in  the  curves. 

The  disregard  of  the  proper  balance  between  water  content  and 
the  quantity  of  hydrated  lime  is,  as  stated  by  Mr.  Emley,  the  cause  of 
the  confusion  which  has  resulted  from  many  tests  carried  out  by 
earlier  investigators. 

In  discussing  Examples  1  and  2,  it  is  stated  that  "in  both  of  the 
above  examples  the  addition  of  10  per  cent  of  lime  is  apparently 
beneficial,  but  the  effects  are  within  the  probable  experimental  error." 
It  should  be  borne  in  mind  that  this  refers  to  strength  variations  from 
2100  to  2250  lb.  per  sq.  in.,  and  flows  from  172  to  187,  but  in  Example 

3  we  find  that  the  percentage  of  mixing  water  is  recorded  to  the  nearest 
0.1  per  cent.  A  variation  of  0.1  per  cent  in  mixing  water  is  shown  by 
Mr.  Emley 's  tests  for  this  mixture  to  make  a  difference  of  30  to  75  lb. 
per  sq.  in.  in  the  strength  of  the  concrete;  yet  we  find  the  strength 
worked  out  to  the  nearest  single  pound.  Without  a  proper  weighting 
of  values,  tests  may  seem  to  indicate  something  quite  different  from 
what  the  data  really  show.  In  our  test  reports  concrete  strengths 
are  recorded  to  the  nearest  10  lb.  per  sq.  in.,  although  the  values 
may  be  based  on  10  to  30  independent  tests. 

Mr.  Berry  seems  to  be  in  considerable  doubt  as  to  what  his 
tests  do  show,  as  one  must  conclude  from  the  following  statements 
which  appear  in  a  single  paragraph  of  his  discussion: 

1.  "Hence,  it  is  not  conclusively  shown  by  an  examination  of  the  table 
whether  the  lime  increased  or  decreased  the  strength  of  the  concrete." 
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2,  " ,   .    .  yet,  since  in  six  ot  the  eight  cases  the  strength  is  actually  Mr.  Abrams. 
greater,  we  must  conclude  that  the  lime  does  not  decrease  the  strength  of  the 
concrete  but  adds  to  it." 

3.  "  .  .  .  again  tending  to  show  that  the  addition  of  lime  has  no  harmful 
eflFect  on  the  strength  of  the  concrete." 

The  following  "conclusions"  may  also  be  drawn  from  these  tests: 

1.  Concrete  of  wet  consistency  containing  hydrated  lime  gave 
strengths  equal  to  or  greater  than  similar  concrete  of  dry  consistency. 
(Six  out  of  eight  instances  show  this  relation,  considering  2889  and 
2842  equal.)  This  is  contrary  to  the  results  obtained  by  all  expe- 
rienced concrete  testers.  It  seems  doubtful,  however,  whether  the 
terms  "wet"  and  "dry"  properly  designate  these  consistencies. 

2.  Crushed  trap  gave  higher  strength  than  gravel  in  the  1:2:4 
mix,  and  the  reverse  in  the  1  :  2j  :  5.    These  results  are  contradictory. 

3.  For  the  dry  mixes,  hydrated  lime  increased  the  strength  of 
trap  concrete,  but  decreased  the  strength  of  gravel  concrete;  for  the 
wet  mixes,  lime  increased  the  strength  in  all  cases.  This  reversal 
should  be  explained. 

The  higher  strengths  generally  found  with  hydrated  lime  in 
Mr.  Berry's  tests  are  due  to  the  use  of  aggregate  graded  too  coarse 
for  the  quantity  of  cement  in  the  mix,  and  to  no  other  cause.  The 
fineness  modulus  of  the  mixed  aggregate  was  5.7  for  the  gravel 
and  6.1  for  the  crushed  trap,  whereas  the  maximum  permissible  values 
for  f-in.  aggregate  in  the*  mixtures  used  by  Mr.  Berry  are  about 
5.0*  and  4.7  for  gravel  and  crushed  rock,  respectively.  Our  tests 
showed  that  in  "lean  mixtures  (1  : 9  to  1  :  6)  and  those  with  aggre- 
gates graded  too  coarse  for  the  quantity  of  cement  used,  the  strength 
was  little  affected  or  was  slightly  increased  by  admixtures  up  to  50 
per  cent,"  (20  per  cent  by  weight,  for  hydrated  lime).  (Compare  our 
Table  VI,  and  Conclusion  6,  Proceedings,  Vol.  XX,  Part  II,  p.  201). 
Hydrated  lime  acts  exactly  like  a  fine  aggregate  in  improving  the 
grading  of  an  aggregate  which  is  too  coarse  and  hence  produces  an 
entirely  different  effect  from  that  f otmd  in  normal  concrete  mixtures 
in  which  the  aggregate  is  properly  graded  for  the  quantity  of  cement 
used.  / 

Judging  by  the  results  of  nMJiy  thousand  tests  carried  out  in  this 
laboratory,  it  appears  that  a  variation  of  about  20  per  cent  in  either 
direction  must  be  allowed  in  Mr.  Berry's  average  values  to  enable 
the  strengths  given  to  conform  to  relations  which  are  well  established. 
Reporting  strengths  to  the  nearest  pound  gives  a  false  impression  of  the 

1  See  "  Design  of  Concrete  Mizttires."  by  Duff  A.  Abrams,  BMetin  1,  TaUe  3,  Structural  MAterkIa 
Research  Laboratory,  Lewis  Institute.  Chicago,  111. 
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Mr.  Abramg.  accuracy  of  the  tests,  when  single  values  may  be  m  error  400  or  500 
lb.  per  sq.  in.  Our  tests  showed  that  parallel  averages  each  based  on 
10  independent  tests  may  vary  as  much  as  5  per  cent  from  the  mean. 
It  seems  probable  that  the  strength  values  for  1  :  2  : 4  gravel  concrete 
using  5  and  10  per  cent  of  lime  are  duplicated  for  dry  and  wet  concrete 
due  to  some  error. 

Considerable  experience  and  the  greatest  care  are  necessary  in 
carrying  out  each  detail  of  the  tests  in  order  to  secure  results  of  value; 
this  is  especially  true  when  we  attempt  to  establish  underlsdng  prin- 
ciples. A  wide  range  of  nuxtures,  consistencies,  gradings  of  aggregate 
and  percentages  of  lime  must  be  used  in  establishing  the  effect  of 
hydrated  lime  in  concrete. 

Tests  which  contain  numerous  obvious  contradictions  cannot  be 
accepted  as  establishing  other  fundamental  relations.  The  wide 
variation  in  Mr.  Berry's  tests  and  the  contradictory  results  noted 
above  are  no  doubt  due  in  part  to  the  improper  grading  of  aggregates. 
Mr.  Shertzer.  Mr.  T.  B.  Shertzeb  (Closure  by.leUer).—la  Mr.  Abrams'  discus- 
sion of  my  paper  (Appendix  I),  the  method  of  determining  ^'normal 
consistency"  for  hydrated  lime  paste  by  means  of  the  Vicat  needle 
is  defended.  I  can  only  repeat  that  this  method  is  not  reliable  for 
hydrated  lime  and  that  it  is  impossible  to  obtain  consistent  results 
with  hydrated  lime  by  following  the  method  specified  for  portland 
cement. 

The  sub-division  of  the  term  '^absorblive"  into  four  headings  is 
not  original  with  me;  it  is  the  accepted  conception  of  the  term  among 
those  familiar  with  the  properties  of  lime.  It  is  unfortimate  that  only 
a  part  of  the  paragraph  was  quoted  in  the  discussion,  the  complete 
paragraph  conveys  an  entirely  different  meaning  than  does  the  partial 
quotation.  My  statement  that  "Hydrated  lime  has  the  property  of 
absorbing  its  own  weight,  or  more,  of  water"  is  true  when  speaking  of 
hydrated  lime  in  general.  Whether  or  not  it  applies  to  any  individual 
hydrated  lime  is  beside  the  point.  This,  and  other  properties  of 
individual  hydrated  limes,  varies  as  do  the  individual  characteristics 
of  any  natural  product.  The  water  to  "  compensate  "  for  the  hydrated 
lime  appears  to  have,  be^n  proportioned  on  the  assumption  that 
pastes  of  Portland  cement  and  hydrated  lime  of  so-called  "normal 
consistency"  can  be  mixed  and  will  produce  a  resulting  paste  of 
"normal  consistency. "  This  is  not  the  case;  the  mixed  paste  will  be 
wetter  than  "normal  consistency." 

The  statement  to  the  effect  that  the  amount  of  water  by  volume 
required  to  produce  pastes  of  normal  consistency  for  the  18  powdered 
admixtures  is  practically  constant  is  not  borne  out  by  the  data  sub* 
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mitted  in  his  Table  III  {Proceedings,  Vol.  XX,  Part  II,  p.  155).  If  we  Mr.  Shertzer. 
reduce  the  tffeighl  percentages  of  water,  as  of  series  130,  to  the  equivalent 
volume  percentages  they  vary  from  24  to  56  per  cent.  This  is  hardly 
"...  practically  constant  for  the  18  powdered  admixtures.  ..." 
In  my  analjrsis  I  was  very  careful  to  point  out  that  "In  the  case  of 
lime  it  must  first  dry  otU,  or  desiccate,  and  when  the  proper  conditions 
as  to  moisture  content  are  reached,  it  absorbs  carbon  dioxide  from  the 
air  and  is  changed  into  aystallin  calcium  carbonate."  Mr.  Abrams' 
characterization  of  a  partial  quotation  as  "beside  the  point"  is  a  poor 
argument.  The  distortion  and  misrepresentation  of  my  statement 
and  the  accompanying  argument  is  a  confession  that  it  was  impossible 
for  the  hydrated  lime  to  show  its  true  worth  in  28-day  old  specimens 
kept  wet  for  the  entire  period.  In  practical  construction,  the  con- 
crete and  admixed  hydrated  lime  has  a  chance  to  dry  out  and  to 
develop  the  real  value  of  the  hydrated  lime. 

I  do  object  to  the  method  of  determining  the  water  content  of 
the  other  "relative  consistencies"  (with  hydrated  lime)  by  multiplying 
the  tokd  water  content  of  the  concretes  of  normal  consistency  (with 
hydrated  lime)  by  arbitrary  factors.  It  is  obvious  that  it  is  intended 
to  convey  the  impression  that  the  tests  were  conducted  in  such  a  man- 
ner as  to  show  the  effects  of  hydrated  lime  admixtures  on  concretes 
of  a  graduated  series  of  consistencies.  We  are  in  full  accord  with  this 
idea  but  the  tests  as  conducted  did  no  such  thing.  Concretes  without 
hydrated  lime  were  compared  with  concretes  of  a  wetter  consistency 
with  hydrated  lime. 

On  page  4  of  Bulletin  1  of  the  Lewis  Institute,  Mr.  Abrams  states: 
"  The  strength  of  the  concrete  responds  to  changes  in  water  regardless 
of  the  reason  for  these  changes."  Early  in  my  analysis  it  was  pointed 
out  that  any  water  over  and  above  that  which  could  be  restrained 
by  the  lime  was  free  water.  It  is  fair  to  assume  that  when  a  paste  of' 
normal  consistency  is  made,  the  material  of  which  the  paste  is  made 
is  restraining  its  maximum  amount  of  water.  If  more  water  is  added, 
when  the  material  is  used  as  an  admixture,  it  is  evident  that  it  will 
only  make  the  concrete  wetter  and  not  the  admixed  material. 

A  very  weak  argument  is  advanced  to  refute  my  statements  in 
connection  with  my  Tables  II  and  III.  Mr.  Abrams  says:  "His 
confusion  arises  from  the  fact  that  we  recorded  the  total  quantity  of 
mixing  water  added  to  the  batch,  without  correction  for  absorbtion 
of  water  by  the  aggregate.  It  is  obvious  that  it  is  proper  to  make 
such  a  correction."  It  is  also  obvious  that  had  a  correction  been 
made  the  discrepancy  noted  would  have  been  greater  than  indicated 
in  my  tables. 
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Mr.  Shertzer.  On  page  20  of  BuUeUn  1  of  the  Lewis  Institute,  Mr.  Abrams  stated : 
"However,  it  is  only  the  water  which  goes  to  the  cement  (that  is, 
exclusive  of  absorbed  water)  which  aflFects  the  concrete  strength. 
The  failure  to  recognize  this  fact  has  led  to  many  erroneous  conclu- 
sions from  tests  made  to  determine  the  relative  merits  of  different 
aggregates." 

It  is  of  passing  interest  to  note  that  I  have  reduced  every  table 
published  by  Mr.  Abrams  which  I  have  been  able  to  find  similar  to 
his  Table  IV  in  the  same  way  that  I  reduced  the  data  for  Table  IV  of 
my  analysis.    In  no  other  case  have  I  found  any  variation. 

The  following  statements  do  not  appear  to  be  consistent: 

"Except  for  the  wetter  mixtures,  the  total  discrepancy  to  which  he  calls 
attention  represents  a  variation  of  not  more  than  2  per  cent,  which  would  not 
appreciably  affect  the  strength"  (Discussion). 

"In  other  words,  increasing  the  mixing  water  13  per  cent  causes  the  same 
reduction  in  strength  as  if  we  should  omit  33  per  cent  of  the  cement"  (Page  18, 
BulleUn  1,  Lewis  Institute). 

"One  pint  more  water  than  necessary  to  produce  a  plastic  concrete  reduces* 
the  strength  to  the  same  extent  as  if  we  should  omit  2  to  3  lb.  of  cement  from 
a  1-bag  batch."     (Page  18,  Bulletin  i,  Lewis  Institute.) 

It  is  unfortunate  that  no  figures  are  given  for  the  water  ratios 
used  in  the  second  section  of  Table  III  (Proctedings,  Vol.  21,  p.  308). 
Referring  to  Fig.  5  {Proceedings,  Vol.  21,  p.  312)  and  scaling  the 
water  increments  for  the  several  percentages  of  hydrated  lime  ad- 
mixtures, it  will  be  found  that  there  was  approximately  33  per  cent 
less  water  used  to  "compensate  for  the  lime"  on  the  "constant  flow" 
basis  than  on  the  "computation"  basis  in  the  mix  of  relative  con- 
sistency 1.10.  This  diflFerence  becomes  greater  as  the  mixes  become 
wetter  because  of  multiplication.  If  the  corresponding  strengths, 
from  Tables  I  and  III  {Proceedings,  Vol.  21,  pp.  305  and  308),  be 
compared,  it  will  be  foimd  that  the  strengths  of  all  specimens  con- 
taining hydrated  lime  averaged  89.1  per  cent  of  the  strength  of  the 
plain  specimens  for  Group  1  and  94.2  per  cent  for  Group  4.  In  other 
words,  apportioning  the  water  by  the  "constant  flow"  method  reduced 
the  apparent  strength  reduction  by  about  one-half,  or  from  —10.9 
per  cent  to  —5.8  per  cent.  In  Table  V  {Proceedings,  Vol  21,  p.  313), 
Mr.  Abrams  acknowledges  a  variation  of  2.43  per  cent  between  the 
averages  of  duplicate  sets  of  10  specimens  of  the  plain  concrete  for 
the  same  groups,  thus  reducing  the  probable  average  reduction  charge- 
able to  the  hydrated  lime  and  the  water  allowed  for  it  to  3.37  per 
cent.  This  is  certainly  nothing  to  justify  his  conclusions.  It  does, 
on  the  other  hand,  substantiate  my  contention  that  the  amount  of 
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water  to  compensate  for  the  lime  should  have  been  proportioned  on  Mr.  Shertzer. 
the  basis  of  workability  and  not  by  arbitrary  and  emperical  methods. 

In  discussing  my  Fig.  2,  it  is  rather  difficult  to  reconcile  his 
argument  with  the  statements  on  pages  168  and  172  of  Proceedings y 
Vol.  XX,  Part  II:  "Many  previous  investigations  have  shown  that 
there  is  a  fixed  relation  between  the  water  ratio  and  the  strength  of 
concrete,  regardless  of  the  reason  for  the  use  of  a  particular  quantity  of 
water,  so  long  as  the  concrete  is  plastic  and  the  aggregate  is  not  too 
coarse  for  the  quantity  of  cement  used.  ...  In  computing  the  water 
ratio,  all  water  except  thai  absorbed  by  the  aggregate  was  accredited  to 
the  cement:  that  is,  the  water  absorbed  by  the  hydrated  lime  was  not 
deducted.  These  curves  show  that  the  water  ratio  -  strength  relation 
holds  with  and  without  hydrated  limey  although  the  relation  is  not  the 
same.  It  was  found  impracticable  to  determine  the  absorption  of  hydrated 
limey  although  it  is  probable  that  if  correction  could  be  made  for  this 
factor,  the  water  ratio  -  strength  relation  would  be  found  to  hold  for 
concrete  containing  admixtures  in  the  same  manner  as  has  been  found 
for  those  without  admixtures."  All  italics  in  the  above  quotation 
are  mine. 

On  page  13  of  Bulletin  1  of  the  Lewis  Institute^  in  describing  his 
water  proportioning  formula  it  is  stated:  "In  case  admixtures  of  any 
kind  are  used,  another  term  must  be  inserted  in  the  equation.  This 
relation  has  been  fully  worked  out,  but  is  not  included  in  this  report." 
Bearing  in  mind  that  he  has  frequently  stated  that  the  strength  varies 
with  the  water-cement  ratio  regardless  of  the  reason  for  water  changes, 
that  he  added  water  to  compensate  for  the  hydrated  lime,  that  he 
multiplied  this  water  allowance  for  the  wetter  consistencies,  that  he 
confesses  that  he  made  no  allowances  for  the  water  absorbed  by  the 
aggregate  or  hydrated  lime  but  accredited  it  all  to  the  cement,  that 
he  states  in  his  discussion:  "...  since  the  lime  must  combine  in  a  mix- 
ture which  is  plastic  in  the  same  way  as  the  cement,"  and  "However, 
in  the  case  of  concrete  with  an  excess  of  mixing  water,  the  cement 
particles  are  so  dispersed  and  the  resulting  solution  is  so  diluted  that 
it  is  greatly  weakened  as  compared  with  a  concrete  mixed  to  normal 
consistency,"  it  is  rather  difficult  to  see  the  force  of  his  latest  argu- 
ment. His  charge  that  I  juggled  figures  appears  to  be  in  rather  poor 
taste. 

The  discussion  regarding  effects  of  hydrated  lime  on  concretes 
in  which  the  mixing  water  is  constant  is  entirely  beside  the  point 
and  evidently  was  introduced  to  cloud  the  issue. 

The  insinuation  intended  to  be  conveyed  by  stating  that:  "Mr. 
Shertzer  has  based  his  comparisons  on  a  'general  average  value'," 
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Mr.  Shtrtxw.  loses  its  force  when  the  methods  used  in  the  tests  are  taken  into 
account.  Throughout,  nothing  but  average  values  are  reported; 
these  average  values  are  plotted  and  all  beneficial  effects  ingored  by 
drawing  in  smooth  curves  by  eye,  ajid  the  conclusions  drawn  from  the 
average  slopes  of  the  curves  (see  Tables  XVIII  and  XIX,  Proceedings, 
Vol.  XX,  Part  II,  pp.  188  and  189),  for  the  1  : 5  and  richer  mixes 
only,  but  for  all  percentages  of  hydrated  lime  and  for  all  relative  con- 
sistencies (Table  XVIH). 

In  connection  with  my  Fig.  4,  it  will  be  noted  that  with  the  ex- 
ception of  three  points  in  concrete  too  dry  for  practical  use,  a  decided 
improvement  in  both  strength  and  flow  is  caused  by  all  percentages 
of  hydrated  lime  in  the  1  :  6  mix.  Plotting  the  1  :  5  mix  in  the 
same  maimer  shows  that  5  per  cent  of  lime  has  markedly  beneficial 
effects  all  the  way  through,  that  10  per  cent  is  beneficial  within  the 
range  of  practical  flow  (180-210)  and  that  the  maximum  decrease  in 
strength  shown  by  20  per  cent  is  about  11  per  cent  at  flow  230,  at 
flow  180  the  decrease  is  but  about  2  per  cent  while  at  195  there  is  an 
increase  of  about  3  per  cent. 

Hydrated  lime  is  seldom  advocated  in  a  mix  as  rich  as  1  : 4.  Its 
use  is  justified  only  by  special  conditions.  The  usual  maximum 
amount  used  is  about  10  per  cent  by  volmne  of  cement.  Within  the 
usual  working  range  (flow  180-230)  the  maximum  decrease  in  strength 
for  10  per  cent  as  shown  by  plotting  the  data  is  about  9  per  cent  and 
this  at  flow  230.  The  reduction  for  10  per  cent  at  flow  180  is  but 
1^  per  cent. 

It  is  again  difficult  to  reconcile  the  criticism  of  my  Fig.  5  with  the 
statement  to  be  found  on  page  3  of  Bulletin  1  of  the  Lewis  Institute: 
''It  is  seen  at  once  that  the  size  and  grading  of  the  aggregate  and  the 
quantity  of  cement  are  no  longer  of  any  importance  excq>t  in  so 
far  as  these  factors  influence  the  quantity  of  water  required  to  produce 
a  workable  mix."  My  graphs  were  only  an  adaptation  of  Mr.  Abrams' 
own  water-cement  ratio  theory. 

Mr.  Abrams  evidently  failed  to  read  carefully  the  paragraphs 
immediately  preceding  and  following  my  presentation  of  the  summary 
of  the  mathematical  analysis.  He  appears  to  have  missed  the  point 
that  I  arrived  at  the  values  presented  by  applying  his  own  published 
water-ratio  and  strength  formulas  to  the  data  presented. 

From  Mr.  Abrams'  own  statements  we  have  it  that  he  did  allow 
for  water  absorbed  by  the  aggregates  and  that  he  did  not^  .that  he 
has  fully  worked  out  the  influence  of  any  admixture  on  the  water 
ratio  and  that  he  has  found  it  impracticable  to  determine  the  ab- 
sorbtion  of  hydrated  lime;  that  when  water  is  added  to  concrete  it  is 
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weakened  by  the  dispersion  of  the  cement  particles  but  when  the  Mr.  Shertzer. 
same  thing  is  done  on  accoimt  of  hydrated  lime  admixtures  it  is  the 
lime  which  causes  the  weakening;  that  "the  strength  of  concrete 
responds  to  changes  in  water  regardless  of  the  reasons  for  these 
changes"  excepting  when  water  is  multiplied  on  account  of  hydrated 
lime  when  the  hydrated  lime  causes  the  reduction  in  strength.  Several 
similar  inconsistencies  can  be  pointed  out.  After  a  careful  review  of 
all  of  the  papers  and  data  involved  the  impartial  reader  will,  I  am 
sure,  agree  that  the  data  presented  do  not  substantiate  the  conclusions. 
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REPORT  OF  COMMITTEE  C-8 

ON 

REFRACTORIES. 

Committee  C-8  has  held  three  general  meetings  during  the  year. 

The  committee  does  not  have  any  changes  to  recommend  at  this 
time  in  the  existing  standards  under  its  jurisdiction  nor  any  tentative 
standards  to  submit. 

The  committee  during  the  past  year  has  formed  two  new  sub- 
committees, one  devoted  to  the  study  of  magnesite  refractories  which 
will  include  methods  of  testing,  and  one  to  take  up  the  subject  of 
glass  house  refractories.  Refractories  will  constitute  a  very  important 
line  of  work  as  the  problems  to  be  met  are  very  complicated  and  will 
require  a  considerable  amount  of  investigative  work. 

During  the  past  year,  Sub-Committee  II  on  Analysis  has  done 
considerable  work  on  the  study  of  methods  suitable  for  the  analysis 
of  magnesite  materials.  Since  these  materials  may  vary  widely  in 
their  physical  characteristics,  the  development  of  a  single  method  has 
not  been  easy.  It  is  not  ready  as  yet  to  report  on  tentative  methods 
but  hopes  that  it  will  be  in  a  position  to  do  so  by  next  year. 

Sub-Conmiittee  IV  on  Thermal  Conductivity  and  Expansion  has 
been  studying  the  fimdamental  considerations  involving  the  transfer 
of  heat  through  refractory  materials  and  presents  as  Appendix  I  to 
this  report  a  summary  of  its  work. 

In  accordance  with  the  suggestions  of  Committee  E-1,  Conmiittee 
C-8  appointed  a  Sub-Committee  on  Precision  and  Tolerances.  This 
sub-committee  has  been  working  very  diligently  on  this  problem  for 
the  past  year  and  their  preliminary  report  is  presented  in  Appendix  II 
to  this  report.  This  preliminary  report  is  published  in  the  hope  that 
the  committee  may  be  favored  by  criticism  of  the  method  they  have 
adopted  in  attacking  this  problem. 

This  report  has  been  submitted  to  letter  ballot  of  the  committee, 
which  consists  of  46  members,  of  whom  38  have  voted  aflirmatively, 
1  negatively,  and  7  have  refrained  from  voting. 

Respectfully  submitted  on  behalf  of  the  committee, 

R.   C.   PURDY, 

W.  H.  FuLWEiLER,  Chairman. 

Secretary, 

(308) 
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APPENDIX  I. 

THE  STATUS  OF  THERMAL  CONDUCTIVITY  IN 

SPECIFICATIONS  FOR  REFRACTORIES.^ 

By  W.  a.  Hull.« 

In  connection  with  the  work  of  Committee  C-8  on  Refractories, 
and  particularly  with  that  of  the  Sub-Committee  on  Thermal  Conduc- 
tivity, it  seems  worth  while  to  consider,  briefly,  the  relation  of  thermal 
conductivity  to  other  properties  of  refractories  and  to  attempt  to  find 
what  place,  if  any,  this  property  will  have  in  specifications  for  refrac- 
tories. It  may  also  be  worth  while  to  try  to  determine  what  is  most 
needed  in  the  way  of  data  and  of  methods  of  test. 

In  practicaDy  all  the  uses  to  which  refractories  are  put,  the  most 
essential  requirement  is  that  they  shall  resist  destructive  agencies, 
including  heat,  erosion,  the  chemical  action  of  the  constituents  of 
furnace  gases  and  the  corrosive  action  of  slags  and  glasses.  No  single 
type  of  material  will  resist  all  the  destructive  agencies  successfully; 
neither  are  all  the  destructive  agencies  found  in  any  one  furnace.  The 
primary  purpose  of  a  specification  is  to  state,  quantitatively,  the 
properties  which  a  refractory  material  must  have  in  order  to  resist, 
for  a  reasonable  length  of  time,  the  destructive  agencies  which  will  be 
encountered  in  a  specific  place  in  a  particular  type  of  furnace.  In 
general,  only  one  type  of  refractory  material  is  suitable  for  a  given 
purpose.  Most  of  the  high  temperature  furnace  work  calls  for  high 
grade  fire-clay  brick;  for  certain  conditions,  silica  refractories  are 
practically  always  used,  and  other  conditions  call  for  other  types. 
It  has  been  suffidently  well  established  that  the  difference  in  thermal 
conductivity  between  different  brands,  or  grades  of  brick  within  a 
given  type  or  class  are  not  important  as  compared  with  differences  in 
refractoriness,  in  resistance  to  spalling,  resistance  to  slag  corrosion,  etc. 
It  seems  probable,  therefore,  that  in  the  great  majority  of  cases,  these 
properties  which  are  essential  to  resistance  to  destructive  agencies  and 
which  vary  to  an  important  extent  from  one  brand  of  brick  to  another 
will  be  made  the  matters  of  specification  regardless  of  the  thermal 
conductivity,  There  are  cases,  however,  in  which  the  selection  of  the 
type  of  refractory  to  be  used  for  a  given  purpose  is  influenced  by  the 
relative  conductivities  of  different  types  and  in  cases  of  this  sort, 
where  more  than  one  t5T)e  is  available  and  the  conductivity  is  espe- 

>  By  permiMkm  of  the  Dinctor.  Bttfean  of  SUndardii. 
a  Physicist.  U.  8.  Bwssa  of  Stasdwda. 
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dally  important,  heat  conductivity  may  eventually  become  a  matter 
of  specification. 

Since  thermal  conductivity  may  be  a  factor  in  the  selection  of  the 
type  of  brick  to  be  used  for  a  given  purpose,  it  is  important  to  have 
reliable  data  as  to  the  conductivity  of  the  different  refractory  materials, 
and  it  may  be  worth  while  to  consider  the  completeness  and  the  re- 
liability of  the  figures  now  available. 

Unfortunately,  the  figures  given  in  many  of  the  tables  to  be  found 
in  handbooks  and  elsewhere  have  been  taken  from  unsatisfactory 
sources  and  are  somewhat  confusing.  This  applies  particularly  to  the 
data  obtained  from  the  investigation  by  Wologdine^  which  were  for  a 
number  of  years  (1909-1915)  the  best  data  available  on  the  heat  con- 
ductivity of  refractory  materials  and  have,  in  consequence,  been  very 
extensively  quoted. 

Wologdhie  xmde  a  very  comprehensive  investigation  of  the  heat 
conductivity,  porosity  and  gas  permeability  of  a  large  niunber  of 
refractory  ntiaterials.  The  fact  that  he  was  given  a  research  scholar- 
ship for  this  investigation  by  La  Soci6t6  d'Encouragement  pour 
rindustrie  Nationale  and  that  the  work  was  done  in  the  laboratories 
of  Professor  Le  Chatelier  and  under  his  general  supervision  gives  the 
results  a  strong  claim  on  reliability.  On  the  other  hand,  a  study  of  the 
method  of  investigation  adopted  by  Wologdine  and  particularly  of 
the  nature  of  the  test  specimens  used,  indicates  that  a  certain  amoimt 
of  discrimination  would  have  to  be  exercised  in  the  use  of  his  results. 
His  method  required  the  use  of  specially  prepared  test  specimens  in- 
stead of  bricks  made  in  the  regular  way  and  burned  in  commercial 
kilns.  Instead  of  having  the  test  specimens  of  each  material  burned 
to  maturity,  he  burned  most  of  them  to  one  of  two  temperatures,  some 
specimens  to  1050°  C.  and  the  others  to  1300**  C.  Of  course,  none  of 
the  specimens  of  refractory  materials  that  were  burned  to  1050**  C. 
had  the  properties  of  any  commercial  product  whatever.  The  same 
may  be  said  of  at  least  a  part  of  the  specimens  that  were  burned  to 
1300°  C,  especially  those  from  bauxite,  silica  and  magnesia.  It  is 
difficult,  in  going  over  Wologdine's  results,  to  find  record  of  a  single 
group  of  specimens  that  appears  to  have  been  burned  ^o  the  tempera- 
ture to  which  the  material  would  have  been  burned  commercially; 
it  appears  to  have  been  the  purpose  of  the  investigator  to  show  the 
effect  of  the  temperature  of  burning  on  the  conductivity  of  the  various 
materials  rather  than  to  provide  data  for  the  use  of  engineers  and 
others  who  might  have  occasion  to  estimate  heat  losses  in  connection 
with  the  design  of  furnace  installations.     It  is  entirely  probable  that 


t  ButtMin,  Soc  d'Enooor.,  p.  879  (1909);  yoNfiMl.  Soc.  Cbem.  Ind.  (1909). 
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this  has  resulted  in  the  conclusion,  on  the  part  of  many  engineers  who 
have  wished  to  make  a  quick  calculation  without  taking  the  time  to 
make  a  thorough  study  of  the  subject,  that  the  figures  for  thermal 
conductivity  were  so  inconsistent  as  to  be  valueless. 

In  1915,  important  work  on  thermal  conductivity  of  refractories 
was  reported  by  one  American*  and  a  group  of  British*  mvestigators. 

The  work  of  Dudley  has  much  to  recommend  it.  His  determina- 
tions were  made  on  large  specimens  built  up  from  several  full-size 
bricks  and  he  used  well-known  American  brands  of  fire  brick,  thereby 
establishing  the  identity  of  the  materials  on  which  his  conductivity 
determinations  were  made.  His  description  of  his  method  indicates 
that  Jiis  work  was  done  with  what  may  be  termed  good  engineering 
accuracy. 

The  work  done  by  Dougill,  Hodsman  and  Cobb  appears  to  have 
been  well  planned  and  skilfully  executed.  Their  metiiod  permitted 
the  use  of  commercial  bricks,  made  and  burned  in  the  regular  way. 
While  their  determinations  were  not  made  on  the  same  brands  of  brick 
as  Dudley's,  they  included  approximately  the  same  classes  of  refrac- 
tories that  he  tested  and  a  comparison  of  those  results  which  are  com- 
parable, from  these  two  investigations,  given  in  Table  I,  shows  as 
close  agreement  as  could  be  expected.  While  most  of  their  results 
are  expressed  as  the  mean  k  for  the  specimen  imder  the  temperature 
conditions  existing  in  it  at  the  time  the  determination  was  made,  both 
Dudley  and  Dougill,  Hodsman  and  Cobb  computed,  from  their  data, 
the  coefficients  of  thermal  conductivity  of  some  of  the  materials  which 
they  investigated,  for  different  temperatures  up  to  1000**  C.  Dougill, 
Hodsman  and  Cobb  deduced  the  following  formulas: 

For  fire-clay  brick, *,  =  0.00155 +0.25   XIO'*/ (l) 

Formagnesia  brick,  *,  =  0.0285-0.379X10**/-|-0.179X10-'/^ (2) 

in  which  k^  is  the  thermal  conductivity  at  any  specified  temperature 
and  /  is  the  temperature. 

According  to  Eq.  1,  the  conductivity  of  fire-clay  brick  would 
be  0.0020  at  200**  C.  and  0.0040  at  lOOO''  C.  Dudley's  computations 
gave  0.0019  at  200"*  C.  and  0.0034  at  lOOO"*  C.  Dudley's  figure  is 
therefore  approximately  5  per  cent  lower  at  200°  C.  and  15  per  cent 
lower  at  1000**  C.  than  those  of  the  other  investigators.  There  is  not 
necessarily  any  inconsistency  in  these  results  as  they  are  as  close  as 

>**Th0  Thermal  Conductivity  of  Refractories,"  by  Boyd  Dudley.  Jr.,  Trmusadions,  American 
Bleetrodiemical  Society.    Vol.  XXVII.  p.  285  (1915). 

*  "The  Thermal  Conductivity  of  Refractory  Material!/*  by  G.  Dougill.  H.  J.  Hodamaa  and  J.  W. 
Cobb,  /eMTMl.  Soc.  Chem.  Ind.,  Vol.  34  (1915). 
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should  be  expected  from  bricks  of  different  diaracteristics,  even  within 
the  same  general  class. 

A  study  of  the  data  of  both  investigations  indicates,  also,  that 
while  the  values  obtained  for  silica  brick  are  somewhat  higher  than 
those  for  the  more  porous  grades  of  fire-clay  brick,  they  correspond 
closely  with  those  to  be  derived  from  the  above  formula  for  fire-clay 
brick.     For  example,  this  formula  gives,  for  1000°  C,  a  conductivity 

Table  I. 


^■ss^?-*^ 

Inverti. 
gator. 

Brand  or 
Make. 

Mean  Thermal 
Conductivity.^ 

Inner 

Outer 

Remarks. 

Surface. 

Surface. 

A« 

Woodland 

965 
1026 
995 

120 
100 
400 

0.0026 
0.0026 
0.0027 

Fireclay 

B» 

Farnley 

•• 

825 
970 
1080 
1440 
1100 
1350 

260 
300 
330 
560 
420 
510 

0.0029 
0.0029 
0.0036 
0.0040 
0.0033 
0.0039 

Hard  fired— ScMT  cone 

SiliciouB  Brick  with  Ciay 
Bond 

*  { 

Quaiiiite 

935 
960 

100 
100 

0.0026 
0  0026 

B 

Farnley 

1300 

310 

0.0025 

Many  quarti  grain*. 

A 

• 

Star 

910 

995 
1210 
1240 
1S95 

100 

295 
370 
440 
440 

0  0031 

0  0030 
0.0035 
0.0089 
0.0042 

Silica  Brick 

Gregory...... 

Coarae  grained. 

A 
B 

830 

875 
1040 
1870 

445 

525 
590 
600 

0.0136 

0.0110 
0.0098 
0.0091 

Magneiite  Brick 

Mabor 

'  Calory  per  sec.  per  sq.  cm.  for  a  temperature  gradient  of  1"  C.  per  cm. 

«  Dudley. 

*  Dougill.  Hodsman  and  Cobb. 

of  0.0040,  whereas  Dudley's  figure  for  silica  brick,  at  the  same  tem- 
perature, is  0.0043.  Values  for  temperatures  above  1000**  C,  obtained 
by  extrapolation,  would  be  sufficiently  close  for  most  purposes. 

All  things  considered,  it  seems  entirely  reasonable  to  accept 
results  of  these  investigations  and  to  make  use  of  the  formulas  of 
Dougill,  Hodsman  and  Cobb  in  ordinary  engineering  computations, 
making  allowance  for  the  fact  that  the  values  will  be  lower  in  the  case 
of  porous,  light-burned  brick  and  higher  with  denser  brick.  It  is 
true  that  only  rough  estimates  can  be  obtained  in  this  way  but  it 
must  be  taken  into  consideration  that  only  rough  estimates  of  the 
neat  transfer  through  the  walls  of  a  given  installation  could  be  obtained 
by  computation,  in  most  cases,  even  though  precise  figures  for  the 
thermal  conductivity  of  the  fire  brick  were  available.     In  the  first 
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place,  the  temperatures  of  the  inner  and  outer  surface  must  be  known 
and  if  the  wall  is  to  be  more  than  one  brick  thick,  the  effect  of  the 
joint,  or  joints,  must  also  be  known  as  well  as  the  conductivity  of  the 
refractory  material  before  the  heat  flow  through  the  wall  can  be  com- 
puted. Unless  the  temperatures  of  the  two  surfaces  can  actually  be 
measured,  a  rough  approximation  is  introduced  at  this  point.  The 
effect  of  joints  must  not  be  overlooked  and  introduces  another  factor 
that  is  uncertain  as  to  magnitude.  , 

Furthermore,  it  must  be  taken  into  consideration  that  heat  con- 
ductivity, or  its  reciprocal,  resistance  to  heat  flow,  is  but  one  of  several 
factors,  working  in  series  and  that  the  larger  the  two  factors,  such  as 
surface  resistance  and  the  effects  of  joints,  the  smaller,  relatively,  is 
the  effect  of  differences  or  errors  in  the  values  assumal  for  thermal 
conductivity.  The  effect  of  surface  resistance  is  shown  in  the  opera- 
tion of  retorts,  in  a  gas  plant,  by  the  fact  that  when  the  flame  changes 
from  transparent  to  liuninous  the  rate  of  production  of  gas  increases, 
showing  that  heat  is  passing  into  the  retorts  more  rapidly.  When 
the  flame  is  transparent,  a  very  large  portion  of  the  heat  must  be  taken 
up  by  the  retort  by  conduction;  when  the  flame  becomes  luminous, 
radiant  energy  is  transferred  rapidly  from  the  myriad  of  minute 
particles  of  incandescent  carbon  floating  in  the  gas  to  the  surface  of 
the  retort,  and  the  retort  is  heated  by  radiation,  eliminating,  to  a 
large  extent,  the  effect  of  the  surface  resistance  at  the  outer  surface. 
The  fact  that  the  difference  in.  rate  of  production  is  considerable  shows 
that  the  surface  resistance  is  a  large  factor.  This  factor  has  been 
studied  sufficiently  to  justify  the  statement  that  the  surface  resistance 
of  one  surface  of  a  retort  may  be  as  great  as  the  internal  resistance  of 
the  wall  itself. 

There  is  one  other  factor  that  should  not  be  lost  sight  of  in  this 
connection.  In  the  case  of  furnaces  operating  at  high  temperatures, 
there  is  a  tendency  for  a  portion  of  the  brick  to  vitrify,  in  course  of 
time,  increasing  the  conductivity  of  that  portion  by  possibly  40  to 
50  per  cent.  Also,  under  certain  conditions,  refractories  become 
impregnated  with  various  substances  taken  up  from  the  gases  pene- 
trating them  and  it  is  practically  certain  that  the  impregnated 
materials  differ  to  an  important  extent  in  heat  conductivity  and  in 
other  properties,  from  the  original  material. 

It  is  not  the  purpose  of  the  foregoing  discussion  to  discourage 
the  making  of  computations,  but  it  is  thought  that  some  computers 
may  believe,  erroneously,  that  the  lack  of  reliable  figures  for  thermal 
conductivity  is  the  greatest  obstacle  in  the  way  of  obtaining  reliable 
estimates  of  the  heat  transfer  to  be  expected  in  a  given  case,  whereas, 
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as  a  matter  of  fact,  the  more  one  studies  the  problem,  the  less  concern 
is  felt  about  the  accuracy  of  the  value  ascribed  to  the  conductivity 
of  the  material  in  question;  other  factors  which  necessarily  enter 
into  the  computation  have  to  be  approximated  so  roughly  that  the 
uncertainty  involved  in  this  one  becomes  relatively  unimportant. 

The  fact  remains,  however,  that  in  certain  places,  particularly  in 
muffles  and  retorts,  high  conductivity  is  important  because  it  is  essen- 
tial to  efficiency,  whereas  in  others,  particularly  in  the  insulating 
courses  that  are  used  in  certain  conditions,  back  of  refractory  linings, 
low  conductivity  is  important  for  the  same  reason.  With  the  advent 
of  carbonmdum  and  other  high  conductivity  refractories,  as  well  as 
the  introduction  of  new  insulating  materials,  an  increasing  interest 
is  being  taken  in  the  heat  conductivity  of  refractories  and  it  is  impor- 
tant that  a  standard  method  for  making  conductivity  determinations 
should  be  developed.  Of  eight  or  more  investigations^  of  more  or 
less  merit,  the  description  and  results  of  which  have  been  published 
within  the  last  fifteen  years,  no  two  have  followed  the  same  method 
and  none  of  the  investigators,  apparently,  has  continued  the  making 
of  conductivity  measurements  after  the  initial  work  was  completed. 
There  are  now  few  if  any  commercial  laboratories  to  which  refractory 
materials  may  be  sent  for  the  measurement  of  their  heat  conductivity. 
There  is  need  for  a  standard  method  for  this  test  in  order  that  the 
results  of  tests  made  in  different  laboratories  shall  be  comparable. 
The  method  should  be  simple  so  that  routine  tests  can  be  made,  with 
apparatus  of  moderate  cost,  with  reasonable  accuracy,  by  an  operator 
of  reasonable  ability  and  experience.  The  routine  determination  of 
heat  conductivity  should  be  taken  out  of  the  class  of  highly  scientific 
investigative  work  and  made  a  matter  of  every  day  commercial  labora- 
tory testing.  It  would  be  a  waste  of  time  to  make  conductivity 
determinations  with  great  precision  on  samples  of  fire  brick  because 
the  properties  of  different  samples,  even  of  brick  of  the  same  brand, 
would  vary  somewhat.  On  the  other  hand,  it  is  essential  that  any 
method  adopted  be  capable  of  giving  results  that  can  be  depended  on 
for  reasonable  accuracy,  say  to  about  five  per  cent. 

In  answer  to  the  question  which  naturally  arises,  in  this  connec- 
tion, as  to  what  the  Bureau  of  Standards  is  prepared  to  contribute  in 
the  way  of  a  suggested  method,  it  may  be  said  that  the  Bureau  has 
been  working,  for  a  number  of  years,  on  the  determination  of  thermal 
conductivity,  the  earlier  work  being  done  at  low  temperatures.  Data 
obtained  from]^this  work  are  to  be  foimd  in  an  article  entitled  "Thermal 
Conductivity  of  Heat  Insulators"  by  M.  S.  VanDusen  in  the  Journal 
of  the  American^Society  of  Refrigerating  Engineers,  November,  1920, 
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and  the  Journal  of  the  Society  of  Heating  and  VentUating  Engineers^ 
October,  1920.  Work  is  now  nearing  completion  on  a  method  for  the 
accurate  determination  of  the  conductivity  of  refractory  materials* 
While  this  method  will  not  be  adapted  to  the  making  of  approximate 
determinations,  in  a  routine  way,  it  is  believed  that  the  knowledge 
and  experience  that  have  been  gained  in  connection  with  the  more 
refined  work  that  has  been  done  will  make  it  possible  to  develop  a 
test  method  which  will  be  suitable  for  such  use. 

The  situation  in  regard  to  heat  conductivity  may  be  summed  up 
as  follows:  Differences  in  thermal  conductivity  between  different 
brands  or  kinds  of  refractory  materials  within  a  given  class,  such  as 
high  grade  fire-clay  refractories,  while  they  may  be  considerable,  are 
comparatively  imimportant  so  far  as  the  efficiency  of  an  installation 
is  concerned,  because  the  conductivity  of  the  material  constituting 
a  wall  is  only  one  of  several  factors  working  in  series,  to  affect  rate  of 
heat  transmission.  Thus,  a  10-per-cent  difference  in  conductivity 
may  make  only  a  5  or  a  2-per-cent  difference  in  the  heat  flow  through 
a  wall.  On  the  other  hand,  the  difference  in  conductivity  between 
two  types  of  materials  such  as  fire-clay  refractories  and  carborundum 
refractories  may  be  relatively  important  for  such  purposes  as  the  walls 
of  retorts  and  muffles.  It  is  not  unreasonable  to  expect  that  conduc- 
tivity will  become  a  matter  of  specification  for  refractory  materials 
for  certain  purposes. 

In  regard  to  the  question  of  obtaining  satisfactory  figures  for  use 
in  computing  heat  flow  through  walls  of  various  types  in  furnaces, 
attention  is  called  to  the  fact  that  while  the  data  of  Wologdine,  which 
have  been  copied  extensively  in  physical  tables,  are  likely  to  be  mis- 
leading unless  his  work  is  discriminatingly  studied,  the  data  of  Dudley 
and  of  Dougill,  Hodsman  and  Cobb  appear  to  be  satisfactory  for 
ordinar}'  purposes.  These  investigators  made  determinations  on  well- 
known  commercial  materials  and  their  results  check  as  closely  as 
should  be  expected,  considering  the  fact  that  the  materials  studied 
were  not  identical.  The  data  irom  these  investigations  should  be 
satisfactory  to  the  engineer,  considering  the  fact  that  he  must  accept 
rough  approximations  for  other  factors  involved  in  computations  of 
heat  transfer  through  walls. 

The  different  investigators  who  have  made  heat  conductivity 
measurements  have  developed  a  variety  of  methods,  all  of  which  are 
elaborate  and  laborious.  There  is  a  need  for  a  standard  method  for 
making  routine  conductivity  tests  of  commercial  materials.  It  is 
not  essential  that  it  should  be  a  precision  method  but  it  is  important 
that  it  be  simple  and  reasonably  convenient  and  at  the  same  time 
accurate,  within  reasonable  limits. 
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REPORT  OF  SUB-COMMITTEE  XI  ON  PRECISION  AND  TOLERANCES. 

The  Sub-Committee  on  Precision  and  Tolerances  was  created  for 
the  following  purposes: 

1.  To  study  specifications  formulated  in  the  past  by  Committee 
C-S: 

(a)  Determination  of  the  precision  of  which  the  prescribed 

methods  are  capable; 

(b)  Possible  modifications  which  may  bring  about  a  higher 

degree  of  precision,  in  the  event  that  the  prescribed 
methods  are  foimd  not  to  meet  the  requirements  of 
engineering  accuracy; 

(c)  Proper  methods  of  sampling;  number  of  samples  desir- 

able for  given  tests;  rejection  of  measurements  which 
may  be  considered  "huge  errors"; 

2.  To  consult  the  other  sub-conunittees,  so  that  precision  studies 
of  all  proposed  tests  may  be  made  before  reports  of  the  various  sub- 
committees are  submitted  to  the  general  committee. 

Preliminary  Statement. 

The  degree  of  accuracy  with  which  laboratory  results  may  be 
obtained  is  seldom  realized  even  by  those  who  make  the  tests.  More- 
over, the  practical  limitations  of  these  tests  are  not  fully  appreciated 
except  by  those  who  use  them  constantly  in  connection  with  their 
application  to  industrial  problems.  These  facts  often  lead  to  mis- 
interpretation and  misapplication  of  results,  and  cause  laboratory 
tests  to  be  regarded  with  distrust  by  practical  men. 

This  sub-committee,  therefore,  recommends  that  a  brief  state- 
ment accompany  each  specification  hereafter  submitted  by  Committee 
C-8  for  the  guidance  of  those  who  use  these  specifications,  but  who 
do  not  have  the  opportimity  of  making  a  thorough  study  of  their 
unavoidable  limitations.  This  statement  should  contain  an  analysis 
of  the  accuracy  with  which  results  can  be  obtained,  and  a  brief  out- 
line of  errors  to  be  avoided  in  application  and  interpretation. 

The  following  illustrations  are  given:  If  any  specifications  involve 
change  in  volume  of  brick  on  reheating,  precision  of  measurements 
cannot  be  ignored,  as  the  results  of  this  test  are  accurate  to  only 
about  10  per  cent  of  the  reported  values.  Another  kind  of  limitation 
is  shown  by  the  load  test,  the  results  of  which  are  often  dep>endent 
solely  upon  the  bum  of  the  brick.  A  definite  statement  of  these  facts 
might  well  be  embodied  in  the  specifications. 

(316) 
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PREasioN  Study. 

Standard  Method  of  Test  for  Refractory  Materials 
Under  Load  at  High  Temperatures  (C  16  -  20).^ — ^Errors  in  the 
results  may  be  brought  about  by — 

(a)  Inaccurate  temperature  control; 

(b)  Incorrect  pressure; 

(c)  Eccentric  loadmg; 

(i)  Errors  in  determining  length  of  brick. 

(a)  With  a  properly  calibrated  thermocouple,  temperatures  can 
be  controlled  to  within  10°  C.  in  all  parts  of  the  furnace. 

(b)  An  error  of  0.6  to  0.9  per  cent  in  the  determination  of  the 
area  of  the  brick  is  to  be  expect^;  this  will  lead  to  an  error  of  0.2  lb. 
per  sq.  in.  in  the  computation  of  the  load. 

An  additional  error  of  0.2  lb.  per  sq.  in.  is  to  be  eiq)ected  when 
the  total  load  on  the  end  of  the  beam  is  weighed  only  to  the  nearest 
pound.  The  combined  error  may  amount  to  0.4  lb.  per  sq.  in.  or 
1.6  per  cent  of  the  load  intended  to  be  applied.  This  is  slight  as 
compared  with  (d). 

(c)  Although  the  operator  is  warned  in  the  Method  of  Test 
C  16  ~  20  against  the  danger  of  eccentric  loading,  too  much  emphasis 
cannot  be  laid  upon  this  particular  point  An  error  of  several  hundred 
per  cent  due  to  eccentric  loading  has  been  observed. 

(d)  Even  with  the  utmost  precaution,  a  precision  greater  than 
0.03  in.  in  determim'ng  the  change  of  length  cannot  be  expected. 
When  the  change  in  length  is  small  this  is  an  appreciable  percentage. 

^^ Probable  Error". — Load  tests  are  usually  m^de  on  a  single 
brick,  instead  of  in  duplicate  or  on  a  number  from  the  same  lot. 
For  that  reason  very  few  check  results  are  available  to  the  committee. 
However,  from  the  small  number  of  check  results  obtainable,  it  has 
been  estimated  that  the  "probable  error"  of  the  result  of  a  single 
load  test  is  approximately  5  to  10  per  cent  of  the  reported  deformation. 

Other  Factors, — In  the  interpretation  of  results  secured  in  the 
load  test,  the  influence  of  processes  and  conditions  of  manufacture 
caimot  be  ignored.  Light,  medimn,  and  hard-burned  brick  from  the 
same  batch  may  compress  10  per  cent,  5  per  cent,  and  2  per  cent, 
respectively.  A  similar  variation  arises  from  differences  in  grind  or 
in  pressure  of  molding.  Inasmuch  as  brick  are  often  heated  on  the 
end  only,  or  are  not  subjected  to  appreciable  pressure,  it  is  not  sur- 
prising that  certain  bridt  which  show  considerable  deformation  in 
the  load  test  are  particularly  well  adapted  to  certain  forms  of  service. 

>  1921  Book  of  A.S.T.M.  Standards. 
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Whenever  possible,  the  test  spedmen  should  consist  of  standard 
9  by  4^  by  2^-in.  brick.  Brick  made  of  the  same  clay^  and  of  the  same 
bum,  but  of  different  shape,  will  show  different  amounts  of  compres- 
sion imder  the  same  load  of  25  lb.  per  sq.  in.  For  example,  a  9  in. 
*^Soap"  will  compress  more  and  a  "large  9-in."  less  than  a  standard 
9-in.  straight. 

Standard  Method  of  Test  for  Softening  Point  of  Fire- 
Clay  Brick  (C24-20).^ — ^By  the  methods  prescribed,  check  deter- 
minations of  i  cone  (about  10^  C.)  are  regularly  obtained  on  samples 
taken  from  different  parts  of  the  same  brick.  The  fact  should  be 
recognized,  however,  that  a  greater  difference  may  exist  between 
different  brick  of  the  same  shipment,  and  that  a  softening  point 
determination  based  upon  a  single  brick  may  give  results  slightly 
higher  or  slightly  lower  than  the  shipment  it  is  intended  to  represent 
The  sub-committee  reconmiends  that  softening  point  determinations 
should  be  made  on  a  sample  taken  from  six  specimens  selected  from 
different  parts  of  the  hack  or  car. 

Standard  Method  of  Test  for  Porosity  and  Permanent 
Volume  Changes  in  Refractory  Materials  (C  20-20).* — ^Thc 
sub-committee  recommends  that  the  Secretary  of  Committee  C-8 
request  Professor  Washburn  and  Mr.  G.  A.  Bole  to  prepare  written 
discussions  of  Method  of  Test  C  20  -  20  covering  the  following  points: 

1.  Using  the  method  prescribed,  what  degree  of  concordance 

can  be  expected  from  successive  determinations? 

2.  Does  the  method  meet  the  requirement  of  engineering 

accuracy? 

3.  Can  the  tests  be  made  more  accurate  without  being 

rendered  more  laborious?    If  so,  in  what  manner? 

By  the  methods  prescribed,  the  exterior  volume  of  the  test  speci- 
men can  be  determined  to  within  5  per  cent;  the  apparent  specific 
gravity  to  the  nearest  hundredth;  the  true  specific  gravity  approximately 
within  0.02. 

It  is  questionable  whether  the  open  pores  are  completely  filled 
by  the  treatment  prescribed  of  4  hours  immersion  at  25®  C.  in  kerosene, 
under  a  vacuum  of  24  in.  If  they  are  filled,  the  volume  of  the  open 
pores  can  be  determined  within  0.5  per  cent  by  this  method;  and  the 
volume  of  the  sealed  pores  to  approximately  0.8  cc.  in  the  standard  test 
specimen,  which  has  a  volume  of  about  128  cc  With  a  small  volume 
of  sealed  pores  the  percentage  error  would  be  very  large. 
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The  volume  shrinkage  should  theoretically  be  determined  within 
approximately  0.25  cc.  in  a  128-cc.  specimen. 

Standard  Definitions  for  Clay  Refractories.  (C  27  -  20).' — 
Objection  has  been  raised  to  the  title  "Standard  Definitions"  on  the 
ground  that  Standard  Definitions  C  27  -  20  really  cover  specifications 
and  not  definitions. 

Section  3  of  the  Standard  Definitions  C  27  -  20  states  that  "The 
test  for  linear  contraction  or  expansion  referred  to  in  the  following 
definitions  shall  be  conducted  in  accordance  with  the  Standard  Method 
of  Test  for  Porosity  and  Permanent  Volxune  Changes  in  Refractory 
Materials  (Serial  Designation:  C  20)  of  the  American  Society  for 
Testing  Materials! "  These  directions  need  to  be  clarified,  inasmuch 
as  Method  of  Test  C  20  ~  20  does  not  prescribe  a  method  of  determin- 
ing linear  contraction  and  expansion.  It  may  be  inferred  from  the 
language  of  Section  3  that  2§  by  2|  by  ij-in.  specimens  shall  be  cut 
from  standard  9-in.  brick  and  the  volume  change  determined  by  the 
Method  of  Test  C  20  -  20;  and  that  the  linear  change  shall  then  be 
computed  from  the  volume  change. 

In  nearly  all  commercial  laboratories  the  linear  change  is  deter- 
mined directly  by  measurements  upon  standard  9-in.  brick  before  and 
after  reheating.  The  sub-committee  believes  that,  as  a  matter  of 
laboratory  economy,  this  should  be  done.  By  this  method,  however, 
any  single  determination  cannot  be  expected  to  have  a  higher  precision 
than  10  to  12  per  cent  of  the  reported  value. 

The  fact  has  been  brought  out  that  the  reheating  test  as  pre- 
scribed may  discriminate  against  mediiun-bumed  hand-made  brick 
and  against  machine-made  brick,  and  may  favor  hard-burned  brick 
manufactured  from  identical  days. 

The  sub-committee  recommends  that  the  Sub-Committee  on 
Definitions  of  Committee  C-8  be  directed  to  make  a  further  study  of 
the  three  points  mentioned. 

Modulus  of  Rupture  of  Silica  Brick. — In  order  to  avoid 
excessive  variation  due  to  eccentricity  of  loading  the  recommendations 
are  made  that: 

1.  No  sample  should  be  tested  in  which  the  9  by  2§-in.  faces 

are  not  approximately  parallel. 

2.  Compensation  knife  edges,  as  described  in  the  Standard 

Specifications  for  Building  Brick  (C21  -20)*  should 
be  used. 
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The  precision  of  any  single  determination  of  the  modulus  of 
rupture  is  approximately  3  per  cent.  Hence,  results  should  be  reported 
to  the  nearest  pound,  as  fractions  of  a  pound  have  no  significance. 

SiUca  brick  show  such  wide  variations  in  strength  that  a  mean 
modulus  computed  from  a  small  niunber  of  specimens  can  be  regarded 
as  merely  approximate.  The  recommendation  is  made  that  the  mean 
modulus  be  computed  from: 

1.  Five  specimens  when  accuracy  is  not  desired; 

2.  Fifteen  spedmens  for  more  accurate  results.     With  this 

number  the  "Probable  Error  of  the  Mean'*  should  be 
about  3  per  cent. 

RgecHon  of  ObservaHons, — ^With  five  determinations,  reject  any 
one  where  the  deviation  of  the  single  observation  from  the  mean 
exceeds  2.2  times  the  average  deviation  from  the  mean  of  the  series. 

With  fifteen  determinations,  reject  any  one  where  the  deviation 
of  the  single  observation  from  the  mean  exceeds  2.7  times  the  average 
deviation  from  the  mean  of  the  series. 

Measurements  of  Dimensions  of  Brick. — From  a  series  of 
measurements  made  upon  standard  9  by  4^  by  2i-in.  brick  by  skilled 
laboratory  workers  using  calipers  and  steel  scale  and  measuring  to 
0.01  in.,  it  developed  that  the  "probable  error"  of  a  single  determirpa- 
tion  of  length  was  0.2  per  cent,  breadth  0.4  per  cent,  and  thickness 
1.2  per  cent. 
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REPORT  OF  COMMITTEE  C-9 

ON 

CONCRETE  AND  CONCRETE  AGGREGATES. 

The  last  annual  report  of  the  committee  included  a  brief  resum6 
of  the  work  accomplished  from  the  date  of  its  inception  and  included 
also  a  statement  of  the  work  then  under  way. 

During  the  past  year  there  have  been  three  meetings  of  the  com- 
mittee, one  of  which  was  devoted  entirely  to  the  discussion  of  the 
Progress  Report  of  the  Joint  Committee  on  Standard  Specifications 
for  Concrete  and  Reinforced  Concrete^  and  the  others  to  the  regular 
work  of  the  committee.  There  are  attached  to  this  report  two  appen- 
diceSy  one  including  the  report  of  Committee  C-9  on  the  Joint  Com- 
mittee report  with  a  letter  of  transmittal  which  explains  Uie  attitude 
of  Committee  C-9  in  reviewing  this  report.  In  the  second  appendix 
there  are  presented  results  of  tests  instituted  with  the  idea  of  getting 
more  definite  information  on  the  relative  precision  of  the  several 
methods  advocated  for  design  of  concrete  mixtures.  These  test  results 
were  submitted  by  the  University  of  Texas,  the  Philadelphia  Mimidpal 
Laboratory,  the  University  of  Toronto,  and  the  Hydro-Electric 
Power  Commission  of  Ontario,  and  were  digested  and  prepared  in 
their  present  form  at  the  Lewis  Institute,  Chicago.  The  results  are 
presented  at  this  time  merely  as  information  and  it  is  anticipated  that 
they  will  be  analyzed  during  the  coming  year. 

The  work  of  some  of  the  sub-committees  is  progressing  slowly, 
and  in  order  to  impel  it  more  rapidly,  the  sub-conamittee  personnel 
has  been  changed  to  some  extent. 

The  scope  of  Sub-Conunittee  XI  has  been  increased  by  changing 
its  title  from  " Sub-Committee  on  Accelerators"  to  "Sub-Committee 
on  Admixtures."  This  sub-committee  has  been  active  during  the 
past  year  and  reports  from  a  number  of  cooperating  laboratories  have 
been  received  on  tests  of  accelerators  initiated  by  this  committee. 
The  majority  of  these  tests  will  have  been  completed  during  the  coming 
year  and  a  summary  of  the  results,  at  least,  will  be  presented  in  the 
next  annual  report. 

Sub-Committee  I  on  Definitions  under  Mr.  L.  R.  Ferguson  has 
done  considerable  work  which  should  be  apparent  in  a  later  report. 

I  Procudings,  Am.  Soc.  Test.  Mats..  Vol.  21,  p.  212  (1921). 
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The  results  of  Series  201  reported  in  Appendix  II  were  obtained 
under  the  outline  of  tests  made  by  Sub-Committees  II  and  VI  com- 
bined. 

The  chairman  of  Sub-Conmiittee  VI  in  cooperation  with  the 
representative  of  Committee  D-4  on  Road  and  Paving  Materials  has 
outlined  the  Tentative  Method  of  Decantation  Test  for  Sand  and 
Other  Fine  Aggregates  which  is  appended  hereto^  for  acceptance  as  a 
tentative  standard. 

The  committee  recommends  that  the  following  tentative  standards 
be  advanced  to  standard ; 

Method  of  Test  for  Voids  in  Fine  Aggregate  for  Concrete 
(C  30  -  20  T).* 

Method  of  Test  for  Organic  Impurities  in  Sands  for  Con- 
crete (C  40 -21  T).» 

Method  of  Test  for  Sieve  Analsrsis  of  Aggregates  for  Con- 
crete (C  41 -21  T).* 

The  result  of  a  letter  ballot  of  the  committee  upon  the  recom- 
mendations which  have  been  made  relative  to  the  adoption  of  ten- 
tative standards  as  standards  and  the  submission  of  additional 
tentative  standards  is  given  in  the  following  table: 


Items. 

AiBnn- 
ntiTe. 

Nec- 

Not 
VotiDC 

TbntetiTo  Mothod  of  Doeuitition  Tnat  for  fltoid  and  Othiv  Fine  Afgn^tei. 

S8 

S3 
S4 
81 

I 

1 
0 
2 

0 

Method  of  Teet  for  Voide  in  Fine  Anracftte  for  Generate  (C  30-SO  T) 

7 

Method  of  Tert  f«  Omaie  ImporififlB  in  Sendf  for  Conorate  (C  40-21  T) 

0 

Method  of  Teet  f or  8m  Analyiii  of  Awsntee  for  Concrete  (G  41  -SI  1^ 

7 

This  report  has  been  subnutted  to  letter  ballot  of  the  committee, 
which  consists  of  40  members,  of  whom  34  have  voted  afl&rmatively, 
none  negatively,  and  6  have  refrained  from  voting. 

Respectfully  submitted  on  behalf  of  the  committee, 

A.  T,   GOLDBECK, 

Chairman. 
J.  C.  Pearson, 
Secretary. 

1  See  p.  802/— Bd. 

•  Prouidinga,  Am.  8oc  Teet.  Matt.,  VoL  XX,  Part  I.  p.  652  (1920). 

I  Procetdims,  Am.  Soe.  Test.  MaU..  Vol.  21.  p.  585  (1921). 
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Editorial  Note. 

The  Tentative  Method  of  Test  for  Voids  in  Fine  Aggregate  for 
Concrete,  the  Tentative  Method  of  Test  for  Organic  Impurities  in 
Sands  for  Concrete  and  the  Tentative  Method  of  Test  for  Sieve 
Analysis  of  Aggregates  for  Concrete  were  approved  at  the  annual 
meeting  and  subsequently  adopted  as  standard  by  letter  ballot  of 
the  Society  on  August  25,  1922,  and  appear  in  the  supplementary 
pamphlet  of  A.S.T.M.  Standards  Adopted  in  1922. 

The  proposed  Tentative  Method  of  Decantation  Test  for  Sand 
and  Other  Fine  Aggregates  was  accepted  for  publication  as  tentative 
and  appears  on  page  802. 
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APPENDIX  I. 


ON  THE  PROGRESS  REPORT  OP  THE  JOINT  COMMITTEE  ON 

STANDARD  SPECIFICATIONS  FOR  CONCRETE  AND 

REINFORCED  CONCRETE. 

In  order  that  the  criticism  of  the  Joint  Committee's  progress 
report  on  Specifications  for  Concrete  and  Reinforced  Concrete  sub- 
mitted by  Committee  C-9  may  be  of  permanent  record,  it  has  seemed 
advisable  to  append  this  criticism  to  the  committee's  annual  report. 
In  explanation  of  the  committee's  attitude  toward  the  Joint  Com- 
mittee's recommendations,  the  transmitting  letter  to  the  Secretary  of 
the  Society  is  also  reprinted  herewith. 

Washington,  D.  C,  January  10,  1922. 
Mr.  C.  L.  Warwick,  Secretary-Treasurer, 
Philadelphia,  F&. 

Dear  Mr,  Warwick: 

In  compliance  with  your  request  of  S^tember  13,  1921,  I  am  transmitting 
herewith  the  report  of  Committee  C-9  on  the  progress  report  of  the  Joint  Committee 
on  Standard  Specifications  for  Concrete  and  Reinforced  Concrete  which^  as  indicated 
therein,  has  been  approved  by  a  majority  of  the  members  of  Committee  C-9. 

A  number  of  our  members  have  taken  exception  to  some  of  the  revisions  or 
recommendations  approved  by  the  committee  as  a  whole  and  have  submitted  their 
comments  in  writing.  Believing  that  the  Joint  Committee  is  desirous  of  receiving 
the  benefit  of  all  possible  constructive  criticism,  I  am  enclosing  these  comments  as 
supplementary  to  our  report  and  I  would  suggest  that  they  be  forwarded  to  the 
Joint  Committee  for  their  consideration. 

In  submitting  our  report  I  am  very  anxious  to  make  clear  to  you  the  general 
attitude  of  the  committee  while  reviewing  the  Joint  Committee  report.  We  had 
in  mind  that  the  Joint  Committee  wished  to  receive  the  comments  of  those  who 
should  be  capable  of  advising  them  in  order  that  they  might  be  guided  in  their 
future  deliberations.  In  view  of  the  length  of  the  report  and  of  the  short  time  at 
oiu*  command,  we  endeavored  to  devote  our  criticisms  to  those  points  which  seemed 
most  vital,  and  many  details  could  therefore  be  given  very  Uttle  consideration. 

I  am  now  of  the  opinion  that  the  sentence  ''It  should  be  understood  that  where 
no  changes  are  suggested  the  original  text  stands  approved,"  appearing  in  the  second 
paragraph  of  the  comments,  does  not  convey  the  correct  impression.  It  will  be 
understood  that  many  of  the  paragraphs  in  the  Joint  Committee  report  had  to  be 
passed  over  by  our  committee  in  order  that  attention  inight  be  given  to  the  more 
important  points,  and  many  paragraphs  to  which  no  reference  is  made  in  our  report 
were  neither  approved  nor  disapproved.  No  doubt  if  Committee  C-9  could  have 
taken  the  time  to  consider  the  report  in  considerable  detail  other  changes  might 
have  been  suggested* 
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I  should  like  also  to  call  your  attention  to  the  fact  that  the  recommended  changes 
in  the  Aggr^ate  Specifications  have  been  made  without  reference  to  or  oomparison 
with  the  Society's  Tentative  Specifications  for  Concrete  Aggr^iates  (C  33  -  21  T) 
proposed  by  Onximittee  C-9  at  the  last  annual  meeting.  This  has  been  done  for  the 
principal  reason  that  our  own  standards  are  still  in  a  formative  stage  and  it  is  very 
probable  that  considerable  change  wiH  be  made  before  they  are  submitted  to  the 
Society  for  adoption  as  standard.  Then,  too,  the  differences  between  the  two 
specifications  are  for  the  most  part  insignificant. 

In  submitting  our  report  on  the  Joint  Committee  report.  Committee  C-9  does 
not  feel  finally  bound  to  the  ideas  expressed.  The  report  is  merely  a  collective 
expression  of  the  committee,  giving  the  best  advice  of  which  we  were  capable  at  the 
time  the  report  was  reviewed.  Our  ideas  both  with  regard  to  specifications  and 
definitioas  at  the  present  time  are  in  a  state  of  flux  and  we  shall  feel  perfectly  free 
to  submit  standards  or  definitions  in  the  future  not  in  agreement  with  our  present 
report. 

We  have  in  mind  that  no  doubt  the  Joint  Conmiittee  wiU  welcome  future 
criticism  and  for  this  reason  we  believe  that  it  would  be  very  desirable  if  a  future 
opportunity  could  be  given  for  review  of  the  Joint  Committee  report  at  least  prior 
to  its  final  adoption. 

Very  truly  yours, 

(Signed)  A.  T.  Goldbbck, 

Chairman. 


REPORT  OF  committee  C-9  ON  THE  PROGRESS  REPORT  OP  THE 

JOINT  COMMITTEE  ON  STANDARD  SPECIFICATIONS  FOR 

CONCRETE  AND  REINFORCED  CONCRETE,  TO  THE 

EXECUTIVE  COMMITTEE. 

In  compliance  with  the  request  of  the  Secretary  of  the  Society  under  date  of 
Sq)tember  13,  1921,  a  meeting  of  Committee  C-9  was  called  on  November  1,  1921, 
to  consider  the  Progress  Report  of  the  Joint  Committee  on  Standard  Spedfications 
for  Concrete  and  Reinforced  Concrete.  At  this  meeting  19  members  of  Committee 
C-9  were  present.  After  some  discussion  it  was  agreed  that  the  following  portions 
of  the  report  should  be  reviewed. 

Sub-division  II. — Definitions  of  the  following  terms: 

Aggregate,  Coarse  Aggr^ate,  Concrete,  Consistency,  Crusher-run  Stone, 
Cyclopean  Concrete,  Engineer,  Fine  Aggregate,  Gravel,  Laitance,  Mortar, 
Oilproofing,  One-man  Stone,  Plain  Concrete,  Portland  Cement,  Rubble 
Aggregate,  Rubble  Concrete,  Sand,  Screen,  Sieve,  Slump,  Standard  Sand, 
Stone  Screenings. 
Sub-division  III. — Quality  of  Concrete. 
Sub-division  IV. — ^Materials  (except  metal  rdnforcement). 
SuB-DivisiON  v.— Proportioning  and  Mixing  Concrete. 
SuB-DiVtsiON  IX. — ^Waterproofing  and  Protective  Treatment,  Section  83  on 

Concrete  in  Sea  Water. 
Tablb  IV. — ^Ploportions  for  Given  Compressive  Strength  of  Concrete  at  28 

Days. 
The  ooounittee  considered  the  above  portions  of  the  report  and  now  reoom* 
mends  the  following  revisions.    It  should  be  understood  that  where  no  changes  are 
lUggcited  the  original  text  stands  approved. 
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II.    Dbfdiitions. 

Aggregate, — Chaoge  the  definition  to  read: 

"Inert  material  ^diich  is  mixed  with  portland  cement  and  water  to  produce 
concrete;  in  general  aggregate  consitti  of  sand,  gravel,  crushed  stone,  crushed 
gravel,  crushed  slag,  or  similar  materials."  (The  word  "pebbles"  is  omitted 
as  superfluous,  and  "crushed  slag"  is  inserted  as  one  of  the  typical  aggregates.) 

Consistency » — (The  definition  of  the  term  is  not  satisfactory,  but  pending  the  report 
of  the  Sub-Committee  on  Consistency  of  Committee  E-1,  no  substitute  is 
offered  at  this  time.) 

St(me  Screenings. — (The  committee  raises  the  question  whether  there  is  not  an 
inconsistency  between  the  definition  and  the  specifications  for  fine  aggregate, 
in  view  of  the  fact  that  stone  screenings  as  defined  could  probably  never  pass 
the  specifications.  Stone  screenings,  however,  from  which  the  dust  has  been 
removed,  known  as  "dustless  stone  screenings"  could  pass  the  q>ecifications.) 

5Zaf.— Air-cooled,  blast  furnace  slag.  (It  is  recommended  that  this  definition  be 
included  in  the  list.) 

III.     QUAUTV  or  CONCEBTB. 

Section  3, — Change  this  paragraph  to  read  as  follows: 

"  The  quality  of  the  concrete  shall  be  measured  by  its  workability  as  deter- 
mined by  the  slump  test  or  other  accepted  tests  for  workability  and  by  its 
compressive  strength  at  28  days  as  determined  by  concrete  tests  of  the  materials 
to  be  used.  The  proportions  required  to  produce  concrete  having  the  strength 
specified  in  Section  4  shall  be  determined  in  advance  of  the  mixing  of  the  con- 
crete." (The  essential  change  in  Section  3  is  the  substitution  of  "measured 
by"  for  "expressed  in  terms  of",  the  former  seeming  better  to  express  the 
intent  of  this  section.  It  is  beHeved  that  workability  should  not  be  limited  to 
the  slump  test,  since  there  are  other  methods  equally  as  suitable.) 

SecHon  4. — Qiange  the  first  sentence  to  read: 

"The  proportions  and  woricability  of  the  concrete  either  q>ecified  by  the 
engineer,  or  permitted  by  him,  shall  be  such  as  ,to  produce  concrete  of  the 
following  strength  for  the  various  parts  of  the  work."  (Section  4,  as  written, 
seems  to  be  applicable  only  to  the  conditions  Q>ecified  in  the  second  paragraph 
of  Section  28,  but  not  to  the  first;  snce,  if  the  engineer  specifies  the  proportions  . 
to  be  used,  he  cannot  also  wptcaiy  the  strength.  The  revision  seems  to  provide 
for  all  contingencies  in  the  sections  numbered  28.) 

IV.    Materials. 

Section  8. — Change  the  percentage  passing  the  No.  4  sieve  from  95  to  85.  (The 
committee  feels  that  a  somewhat  larger  percentage  may  be  retained  on  the 
Na  4  sieve  without  injuring  the  quality  of  the  aggr^iate,  and  since  the  general 
commercial  use  of  the  i«in.  screen  tends  to  produce  a  somewhat  largei  per- 
centage of  the  coarsest  particles,  a  larger  tolerance  on  the  No.  4  sieve  is  recom- 
mended.) 

SecHm  ii.-^Add  the  following  footnote  with  reference  to  the  word  "weight"  in 
line  3: 

"When  approved  by  the  engineer  these  proportions  may  be  by  volume, 
assuming  one  cubic  foot  of  cement  to  weigh  94  lb."  (The  committee  feels 
that  in  view  of  the  wide  variation  in  the  weight  of  equal  volumes  of  different 
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fine  aggregatei,  and  in  view  of  the  geoeml  pracdoe  of  pcoportioning  Concrete 
by  volume^  the  voltime  method  of  proportioning  ghoold  be  permitted  in  mortar 
tests.) 
Section  i^.— Insert  after  "unless"  in  the  fifth  line  the  following: 

"it  oompHes  with  the  requirements  of  Section  11,  or".     (This  insertion 

emphasizes  the  fact  that  the  Colorimetric  Test  serves  only  as  a  waxnii%»  and 

is  not  to  be  considered  a  basis  for  rejection  when  either  mortar  or  concrete 

>  strength  tests  are  satisfactory.) 

Section  iJ.^Insert  "slag"  after  "gravel",     at  is  believed  that  dag  is  entitled  to 

recognition  as  a  typical  coarse  aggregate.) 
Section  14, — Change  the  upper  limit  dause  to  read  as  follows: 

"Passing  —  in.  sieve  (maximum  size)  ...  not  less  than  95  per  cent" 
(The  text  as  printed  reads,  ^'Not  more  than  95  per  cent,"  whidi  appears  to  be 
an  error.) 

In  the  table  accompanying  this  paragraph,  footnote  (a),  it  is  recommended 
that  in  all  places  where  100  per  cent  appears  this  figure  be  dianged  to  95  per 
cent    (This  is  to  make  the  table  consistent  with  the  text  of  Section  14.) 

It  is  also  recommended  that  this  table  include  the  i-in.  maximum  dze  of 
aggregate.    (This  is  in  recognition  of  the  fact  that  such  aggregate  is  frequently 
used.) 
Section   i5.— Add   the  serial  designation    "C  41-21  T"   following    "Tentative 
Method  of  Test  for  Sieve  Analysis  of  Aggregates  for  Concrete." 

V.  Pkofortioning  and  Mixing  Conckbtb. 
Section  27. — ^Por  "an  automatic  device"  in  the  shcth  line,  substitute  "means". 
(There  seems  to  be  no  justification  for  requiring  an  automatic  water  measuring 
device.) 
Section  2S. — Omit  the  first  sentence.  (This  is  considered  unnecessary  and  super- 
fluous.) Change  the  second  sentence,  which  now  becomes^the  first  sentence,  to 
read: 

"The  proportioning  shall  be  1  part  of  portland  cement,  —  parts  of  fine 
aggregate,  and  —  parts  of  coarse  aggregate,  as  determined  by  the  engineer 
from  concrete  tests  of  the  materials  to  be  used,  or  by  the  use  of  Table  IV." 
The  remainder  of  the  paragraph  stands  without  chimge.  (The  insertion  of 
the  words  "or  by  the  use  of  Table  IV"  was  deemed  by  the  conmiittee  to  be 
the  best  substitute  for  the  method  of  proportioning  given  in  the  third  section 
numbered  28.  It  was  not  believed  desirable  to  indude  Table  IV  as  a  part  of 
the  specification  but  that  it  should  be  used  as  a  guide  in  proportioning;  con- 
sequently the  elimination  of  the  third  section  bearing  the  number  28  is  recom- 
mended.) 

In  the  second  section  numbered  28,  for  "frequent"  in  the  third  line,  sub- 
stitute "at  rq^ular  periods".  (This  indicates  somewhat  more  definitdy  that 
periodic  control  tests  will  be  made.)    At  the  end  of  the  section  add  the  following: 

"The  contractor  shall  be  considered  to  have  met  the  requirements  of  the 
specification  when  the  average  of  all  concrete  tests  made  on  each  dass  of  con- 
crete is  equal  to  or  better  than  the  requirements  for  that  class.  At  least  75 
per  cent  of  the  test  specimens  shall  show  a  strength  greater  than  80  per  cent 
of  the  specified  requirement  in  any  given  class."  (The  committee  favors  the 
principle  of  giving  the  contractor  an  opportunity  to  furnish  concrete  of  required 
strength  according  to  his  own  methods,  but  the  section  as  written  allows  him 


Digitized  by 


Google 


328  Report  of  Committee  C-9  (Appendix  I). 

no  latitude.  Realizing  the  variable  results  which  must  be  anticipated  from 
tests  of  concrete  made  in  the  field,  the  committee  has  endeavored  to  recognize 
the  rights  of  the  contractor  and  to  specify  definitely  what  will  be  expected  of 
him  under  this  second  method  of  proportioning.) 

Eliminate  the  third  section  numbered  28.  (See  note  following  the  first 
section  28  above.) 

Section  29, — Substitute  for  this  section  the  following: 

"The  engineer  shall  determine  and  specify  the  consistency  of  the  concrete 
for  various  portions  of  the  work.  The  consistency  of  the  concrete  shall  be 
measured  by  the  slump  test  or  other  approved  tests  for  consistency.  (See 
Tentative  Specifications  for  Workability  of  Concrete  for  Concrete  Pavements 
(D  62  -  20  T)  of  the  American  Society  for  Testing  Materials.  Appendix  12.) 
The  slump  for  different  types  of  concrete  shall  not  be  greater  than  indicated  in 
Table  II."  (The  foregoing  eliminates  superfluous  expressions  and  provides 
more  latitude  in  the  determination  of  consistency.) 

In  the  table  accompanying  Section  29,  it  is  recommended  that  the  slump 
for  hand-finished  roads  and  pavements  be  2\  in.  instead  of  4  in.  (A  majority 
of  the  conunittee  felt  that  the  quality  of  road  concrete  should  be  maintained 
at  the  highest  possible  point  and  that  a  consistency  indicated  by.  a  slump  of 
4  in.  involved  the  use  of  an  unnecessary  amount  of  water.) 

Section  31, — Change  the  time  of  mixing  from  1 J  minutes  to  1  minute.  (It  is  believed 
that  sufficient  test  data  are  available  on  the  effect  of  time  of  mixing  to  warrant 
this  change.) 

Section  32, — Substitute  for  this  section  the  following: 

"When  hand  mixing  is  authorized  by  the  engineer  it  shall  be  done  on  a 
water-tight  platform.  The  sand  shall  be  spread  on  the  platform  and  the  cement 
spread  evenly  over  the  sand.  The  material  shall  then  be  shoveled  into  a  cone 
shaped  pile  by  casting  centrally  on  the  pile.  This  pile  shall  then  be  divided 
by  casting  into  two  or  more  cone  shaped  piles  and  the  operation  of  dividing 
and  reuniting  continued  until  the  batch  is  uniform  in  color.  Only  sufficient 
water  to  produce  the  desired  consistency  shall  then  be  added  by  sprinkling  as 
the  batch  is  turned.  The  coarse  aggr^ate  previously  moistened  shall  then  be 
mixed  with  the  mortar  in  the  manner  specified  for  mixing  sand  and  cement." 
(The  committee  recommends  this  method  of  hand  mixing  as  more  definite  and 
productive  of  better  results.) 

IX.    Waterproofing  and  Protective  Treatment. 

Section  83. — Change  the  last  sentence  to  read: 

"Porous  or  weak  aggregates  shall  not  be  i!ksed."  (In  view  of  the  varying 
characteristics  of  some  of  the  aggregates  specifically  mentioned  it  is  believed 
unnecessary  to  exclude  them  as  a  class.) 

This  report  has  been  submitted  to  letter  ballot  of  the  conmiittee,  which  consists 
of  38  members,  of  whom  . .  have  voted  affirmatively,  . .  n^atively,  and  . .  have 
refrained  from  voting. 

Respectfully  submitted  on  behalf  of  the  committee, 

A.  T.  GOLDBBCK, 

Chairman. 
J.  C.  Pearson, 

Secretary. 
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APPENDIX  II. 

SUMMARY    OF    DATA    OBTAINED    IN    "SERIES    201",    COMPRESSION 

TESTS  OF  CONCRETE  MADE  IN  COOPERATION  WITH 

COMMITTEE  C-9.» 

The  data  contained  herein  were  summarized  by  D.  A.  Abrams 
from  reports  submitted  by  the  following  cooperating  laboratories: 
Department  of  Public  Works,  Philadelphia,  Pa. 

Submitted  by  F.  B.  Lysle,  Assistant  Engineer,  Bureau 
of  Surveys. 

University  of  Texas,  Austin,  Texas. 

Submitted  by  H.  R.  Thomas,  Testing  Engineer,  Division 
of  Engineering. 

University  of  Toronto,  Toronto,  Canada. 
Submitted  by  Peter  Gillespie. 

Hydro-Electric   Power   Commission   of   Ontario,   Toronto, 
Canada. 
Submitted  by  F.  A.  Gaby,  Chief  Engineer. 

Introduction. 

These  reports  cover  compression  tests  of  concrete  which  were 
outlined  as  "Series  201 "  by  Sub-Committees II  and  VI  of  Committee 
C-9.  The  detailed  outline  of  tests  as  approved  by  the  committee 
formed  a  part  of  the  repK)rt  at  the  1920  meeting  of  the  Society.  The 
outline  gave  details  of  methods  to  be  followed  in  the  selection  and 
preparation  of  materials,  proportioning,  mixing,  molding  specimens, 
making  tests,  etc.^ 

According  to  the  original  outline  this  series  "constitutes  a  study 
of  the  effect  of  size  and  grading  of  aggregate,  and  of  variations  in  the 
quantities  of  cement  and  water  on  the  strength  and  other  properties 
of  concrete." 

Definitions  of  Terms. 

The  fineness  modulus  of  an  aggregate  is  the  sum  of  the  percentages 
in  the  sieve  analyses,  divided  by  100,  using  the  Tyler  sieves  100,  48, 
28,  14,  8,  4,  f ,  f  and  ij-in.,  and  expressing  the  sieve  analyses  as  total 
percentages  coarser  than  each  sieve.  It  is  a  function  of  the  logarithm 
of  the  diameter  of  the  particle. 

The  surface  area  of  an  aggregate  is  expressed  as  square  inches  per 
pound  of  aggregate;    it  is  calculated  on  the  assumption  that  the 

»  Proceedings,  Am.  Soc.  Test.  Mats.,  Vol.  XX.  Part  I.  p.  294  (1920). 
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material  of  size  200-100  has  a  surface  area  of  13,700  sq.  in.  per  lb., 
and  that  each  coarser  size  group  as  determined  by  the  sieves  named 
above  has  a  surface  area  one-half  that  of  the  next  smaller  group.  The 
surface  area  of  a  given  volume  or  weigfU  of  aggregate  is  inversely  pro- 
portional to  the  average  diameter  of  the  particle. 

The  surface  modulus  of  an  aggregate  is  a  function  of  the  square 
of  the  diameter  of  the  particle  and  is  proportional  to  the  surface 
area;  it  is  computed  on  the  basis  that  the  surface  modulus  of  the 
200-100  size  is  100  and  that  each  coarser  size  group  determined  by  the 

Tablb  I. — Tests  of  Cbicrnt. 
(DepvtDMDt  of  Piiblio  Worio.  Fhifaiddphk.) 
AU  toete  iBKle  b  Mooitbnoe  with  StMidtfd  SpeoifieadoM  tnd  Tartt  for  Portbad  Ga^ 
for  Tertii«  Matcrbls. 


Made. 

FInenM 
RMdoeon 

peroint 
imght 

T^meofSettiBS. 

lb.  per  M|.  in. 

Soond- 

CeoMmt 

Initial    Final 

vaM. 

50 

100 

200 

h.  a. 

h.  a. 

Idair. 

7dayi. 

A 

Mar.  10. 1920 

0.0 

9.6 

16.2 

28.0 

2    45 

6   05 

670 

635 

G.K. 

Get  27.1020 

0.0 

2.8 

14.0 

22.0 

2    01 

6    11 

800 

620 

G.K. 

Jan.    4,1021 

0.0 

1.4 

12.0 

22.0 

8    40 

6.   84 

340 

620 

G.K. 

Averages 

0.0 

2.3 

14.1 

22.0 

2    52 

6    17 

470 

625 

B 

Mar.  10. 1020 

0.0 

1.0 

n.6 

23.0 

3    25 

5    55 

410 

650 

OJL 

Got.  27.1020 

0.0 

1.0 

18.2 

28.0 

0    28 

5    04 

880 

630 

OJL 

Jan.    4.1021 

0.0 

8.0 

22.0 

22.0 

8    84 

5    80 

850 

550 

O.K. 

Areiace 

0.0 

2.1 

15.6 

22.0 

2    27 

5    88 

850 

610 

C 

Mar.  10, 1020 

0.0 

1.2 

13.0 

22.0 

1    If 

5    07 

480 

570 

G.K. 

Get  27.1020 

0.0 

0.8 

0.0 

22.0 

1    87 

5    87 

410 

680 

G.K. 

Jan.    4.1021 

0.0 

1.4 

11.2 

22.0 

1    10 

4    50 

880 

610 

G.K. 

Averase 

0.0 

1.1 

11.1 

22.0 

1    24 

6    11 

420 

610 

sieves  named  above  has  a  surface  modulus  one-half  the  next  smaller 
group. 

The  void-cement  ratio  is  the  ratio  of  volume  of  water  ^d  air  voids 
in  concrete  to  the  volume  of  dry  cement,  assuming  1  cu.  ft  of  cement 
to  weigh  94  lb.  The  values  given  in  the  following  tables  were  calcu- 
lated from  the  density  and  yield  of  concrete. 

Report  of  Tests  Made  by  the  Department  of  Public  Works, 
Philadelphia,  Pa. 

This  report  covers  tests  in  Giotip  I,  using  seven  gradings  of  sand  and  pebble 
aggregates,  mixtures  1  :  7,  1  :  5,  1  :  3}  by  volume,  and  six  oonststendes. 


Digitized  by 


Google 


On  Compression  Tests  of  Concrete. 


HI 


Coacrete  was  hand-mixed,  each  batch  fonning  one  test  piece.  Specimens  stored 
in  a  moist  place  and  tested  at  28  days.  Six  hundred  and  thirty  6  by  12-in.  concrete 
cylinders  were  tested.  The  following  is  quoted  from  Mr.  Lysle's  report.  "In  these 
tests  we  merely  made  the  determination  of  the  normal  consistencies  of  1.0  and  then 
calculated  the  varying  amounts  of  water  for  the  other  consistencies." 


Tablb  II.— Strength  Tbsts  of  Sand  Mortars. 

(Dgpvtmeni  of  Pablie  Works,  Philadelphia.) 
Portiaod  «eiiMni  doo^ted  hy  Um  Fwtbiid  Cament  AsMMiatiim. 


Date 


T^DflMm  Taite  of  Bricpieitoa, 
lb.  per  BQ.  in. 


Mix  l:8li7  Weight. 


Bnd, 


7 


38 


Rirer 
Sand. 


7 


38 


Mh  i :  3  bjr  Vohune. 


Sand. 


7 


38 
days. 


Rirer 
Sand. 


7 
dvs. 


28 
dvs. 


CompresflioD  Tests  of  2 1^  4-in.  Cylinders, 
lb.  per  sq.  in. 


Mix  1 : 3  by  Weight. 


Standard 
Sand. 


7 
days. 


28 
days. 


Rher 
Sand. 


7 
days. 


28 

days. 


Mh  1 : 3  by  Volvme. 


Standard 
Sand. 


days.1days. 


Rher 
Saod. 


7 
days. 


28 
days. 


Cbiobmt  a. 


Mar.  10. 1020 

380 

486 

320 

440 

305 

440 

275 

370 

2080 

2410 

1590 

3140 

1300 

2020 

1310 

2210 

Oel'  27, 1020 

410 

510 

850 

460 

810 

440 

200 

385 

1850 

2800 

1800 

2500 

1220 

2200 

1300 

2800 

Jan.  4.1021 

886 

485 

200 

410 

275 

425 

240 

355 

1280 

2420 

1300 

2020 

070 

1800 

1160 

2280 

Amass 

875 

400 

820 

440 

800 

485 

270 

870 

1730 

2880 

1580 

2870 

llOO 

2240 

1260 

2360 

CnoirT  B. 


Blar.  10. 1020 

810 

485 

270 

410 

960 

875 

2^ 

840 

1650 

2540 

1540 

2310 

1650 

1850 

1220 

2150 

Oet  27,1020 

815 

415 

265 

380 

240 

360 

230 

825 

1850 

2360 

1200 

2020 

1220 

1810 

080 

1680 

Jan.  4.1021 

210 

315 

150 

245 

160 

280 

130 

200 

710 

1350 

600 

1260 

500 

1250 

480 

1060 

Average 

280 

800 

230 

840 

320 

340 

200 

200 

1240 

2060 

1140 

1860 

1150 

1640 

800 

1640 

CuaifrC. 


Mar.  10. 1020 
Oet.  27,1020 
Jan.  4.1021 

ATcrace 

825' 
285 
845 

820 

465 
445 
465 

460 

255 
235 
270 

250 

440 
370 
305 

400 

250 
220 
255 

240 

405 
350 
400 

885 

210 
100 
220 

210 

360 
300 
345 

335 

1420 
080 
1180 

1100 

2660 
1870 
1840 

2120 

1230 
1000 
1130 

1120 

2360 
1880 
2140 

2130 

880 
830 
840 

850 

1630 
1530 
1520 

1560 

830 
730 
850 

800 

2010 
1400 
1500 

1640 

Qraod  Avenge 

326 

450 

270 

300 

250 

300 

230 

330 

1300 

2100 

1280 

2200 

1060 

1810 

080 

1880 

TEST  DATA. 

The  results  of  the  tests  are  summarized  in  the  attached  tables.  Table  I  gives 
standard  testa  of  the  three  cements  used  in  the  concrete.  Table  II  is  a  summary 
of  strengths  of  sand  mortars  and  Table  III  contains  sieve  analyses  and  other  data 
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Table  III. — Tests  of  Aggregate. 

(Department  of  Public  Works.  Philadelphia.) 
Sand  and  pebbles  donated  by  the  DeFrain  Sand  Co.,  Philadelphia. 


Sand. 

98 
87 
38 
21 
12 

2 

0 

2.58 
3090 
22.6 
2.67 

4.90 

107 

Just  safe 

Gravel. 

Mixed  Concrete  Aggregate 

Item 

55.0a 

31. 6« 

25.8a 

20.0« 

14.0- 

8.2« 

Sieve  No. 
Sieve  No. 
Sieve  No. 
Sieve  No- 
Sieve  No. 
Sieve  No. 
t-in 

100 

100 

100 

100 

100 

100 

100 

62 

23 

0 

6.85 

140 

1.0 

2.57 

1.07 
106 

99 

93 

66 

57 

51 

46 

28 

10 

0 

4.50 

1760 

12.8 

123 

99 

96 

81 

75 

72 

69 

43 

15 

0 

5.50 

1070 

7.8 

126 

99 

97 

84 

80 

77 

75 

46 

17 

0 

5.76 

900 

6.6 

124 

99 

98 

88 

85 

82 

80 

50 

18 

0 

6.00 

730 

5.3 

123 

99 

98 

91 

89 

88 

86 

54 

20 

0 

6.26 

550 

4.0 

118 

100 

48'' 

99 

Sieve  Analysis. 

28* 

95 

14* 

03 

than  ea<^h  sieve, ' 

8 

93 

per  cent  by 

4 

93 

weight 

57 

f.i„.     

21 

l4.in 

0 

Fioeiieas  modulua 
Surface  area'.... 

1 

6.60 

880 

Surface  modulus* 
Specific  gravity . 

2.7 

Absorption  after  3-hr.  immersion  in  water  at  room 
temperature , . . 

Unit  weight.  lb. 
Organie  impuritie 

per  cu.  ft. 

113 

fl 

<■  Sand,  per  cent  by  weight  of  total  aggregate. 

*  Sieves  No.  50.  30  and  16  have  been  substituted  for  No.  48. 28  and  14  in  the  T<mUtive  Method  of  Test  for 
Sieve  Analysis  of  Aggregates  for  Concrete  (C  41  -  21  T). 

*  See  text  for  explanation  of  these  terms. 

Table  IV. — Compression  Tests  of  Concrete. 

(Department  of  Public  Works.  Philadelphia.) 
Tests  of  6  by  12-in.  concrete  cylinders. 

Aggregate:  sand  and  pebUee  donated  by  the  DeFrain  Sand  Co.,  Philadelphia.                                  ... 
Cement:  a  mixture  of  equal  parts  of  three  brands  of  portland  cement  donated  by  the  Portland  Cement  AasooatiOD. 
Tests  were  made  in  accordance  with  "Outline  of  Compression  Testa  of  Concrete  for  Investigation  of  Properties 
of  Concrete  Mutures."    See  Proceeding;  Am.  Soe.  Test.  Mate..  Vol.  XX,  Part  I.  p.  294  (1920). 
Specimens  stored  in  a  moist  place  until  tested;  tested  damp  at  age  of  28  days. 
Each  value  is  the  average  of  5  testa  made  on  different  days. 
See  text  for  explanation  of  Fineness  Modulus.  Surface  Area  and  Surface  Modulus. 


Mix  by 
Volume. 


Surface 
Area.1 


Relative' 

Consist-! 

ency. 


Concrete  Tests. 


Water 
Ratio. 


Slump, 
in. 


Unit  Weight, 
lb.  per  sq.  in. 


rield.« 


Density. 


Vcud- 
Cement 
Ratio. 


CompreiriTe 

Stiength. 
lb.  per  sq.  IB. 


FiNHNicflB  Modulus. 

2.58;  SuRfAca  Arka,  3090;  Surface  Modulus,  22.6. 

1:7 

54.5 

0.80 

1  80 

116 

1.18 

060 

3.31 

210 

0  90 

2.06 

122 

1.14 

0.62 

3.03 

240 

1  00 

2.30 

0.75 

122 

1  15 

0  62 

306 

220 

1.10 

2.52 

124 

1.16 

0.62 

3.09 

190 

1.25 

2.86 

126 

1.19 

0.596 

3.37 

140 

1.50 

3.45 

125 

1.21 

0.590 

3.47 

90 

1:5 

38.9 

0.80 

1  31 

122 

1.17 

0.630 

2.16 

480 

0.90 

1.46 

126 

1  14 

0.643 

2.01 

440 

1.00 

1.70 

0.75 

129 

1.14 

0.644 

2.03- 

460 

1.10 

1.89 

129 

1.16 

0.634 

2.12 

370 

1.25 

2.13 

131 

1.16 

0.634 

2  12 

340 

1.50 

2.56 

133 

1.19 

6.630 

2.26 

200 

l:3j 

27.2 

0.80 

0.95 

128 

1.18 

0.66D 

1.40 

960 

0.90 

1.07 

132 

1.16 

0.668 

1.35 

1060 

1.00 

1.19 

0.87 

132 

1.17 

0.668 

1.36 

1120 

1.10 

1.31 

132 

1  19 

0.651 

1.44 

970 

1.25 

1.48 

134 

1.20 

0  660 

1  47 

770 

1.50 

1  78 

134 

1.23 

0.629 

1  GO 

520 

I  Square  inches  of  aggregate  per  gram  of  cement. 
>  Volumes  of  ooDcrete  iot  one  volume  of  aggregate. 
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Table  IV. — Compression  Tests  of  Concrete— (C(Wili»i««eO. 


Vohime. 


SnrfMe 
Am.' 


Relsthre 

CoDffllt- 

ency. 


Water 
Ratio. 


GoQonte  Tfliti. 


Slump, 
id. 


Unit  Wdgbt. 
lb.  per  BQ.  b. 


rield.> 


Denmty. 


Void- 
CenMDt 
Ratio. 


ConprMBTo 

8tr«tth. 
lb.  per  BQ.  in 


FiNSNias  Modulus 

4.50;  SuRPAcn  Arsa,  1700;  SuBrAcn  Modulub 

12.8. 

1:7 

35.9 

o.go 

1.50 

139 

1.09 

0.750 

1.91 

520 

0.90 

1.78 

140 

1.09 

0.761 

1.90 

400 

1.00 

1.98 

0.62 

140 

1.10 

0.742 

1.09 

360 

1.10 

2.18 

141 

1.11 

0.740 

2.02 

310 

1.25 

2.48 

142 

1.12 

0.710 

2.27 

220 

1.50 

2.98 

143 

1.14 

0.716 

2.28 

160 

1:5 

25.7 

0.80 

1.00 

143 

1.07 

0.788 

1.13 

1400 

0.90 

1.13 

143 

1.09 

0.786 

1.17 

1280 

1.00 

1.25 

141 

1.12 

0.786 

1.20 

1160 

1.10 

1.88 

142 

1.11 

0.786 

1.19 

960 

1.25 

1.57 

144 

1.12 

0.766 

1.87 

720 

1.50 

188 

144 

1.15 

0.740 

1.50 

460 

l:3§ 

18.0 

0.80 

0.09 

143 

1.14 

0.780 

0.88 

2410 

0.90 

0.78 

144 

1.14 

0.786 

0.85 

2820 

1.00 

0.86 

0.02 

144 

1.17 

0.760 

0.98 

2270 

1.10 

0.94 

143 

1.16 

0.763 

0.96 

1960. 

1.25 

1.08 

143 

1.19 

0.745 

1.06 

1600 

1.50 

1.80 

142 

1.22 

0.725 

1.17 

1110 

FiNBKRSs  Modulus,  5.50;  Surpack  Area,  1070;  Surpacb  Modulus 

7.8. 

1:7 

22.3 

0.80 

1.16 

148 

1.01 

0.835 

1.17 

1290 

0.90 

1.31 

147 

1.02 

0.826 

1.24 

1010 

1.00 

1.45 

0.75 

146 

1.04 

0.814 

1.35 

880 

1.10 

1.60 

147 

1.06 

0.816 

1.35 

500 

1.25 

1.82 

.... 

148 

1.06 

0.805 

1.44 

420 

1.50 

2.17 

147 

1.07 

0.794 

1.64 

320 

1:5 

16.0 

0.80 

0.78 

150 

i.ai 

0.845 

0.80 

2530 

0.90 

0.89 

150 

1.04 

0.840 

0.83 

2180 

1.00 

0.97 

0.62 

140 

1.06 

0.824 

0.93 

1920 

1.10 

1  07 

148 

1.06 

0.824 

0.93 

1460 

1.25 

1.32 

.... 

147 

1.00 

0.806 

1.06 

910 

1.50 

1.45 

148 

1.10 

0.788 

1.19 

600 

l:3j 

U.2 

0.80 

0.58 

149 

1.09 

0.889 

0.61 

3280 

0.90 

0.64 

149 

1.10 

0.830 

0.65 

3370 

1.00 

0.72 

0.62 

149 

1.10 

0.880 

065 

2960 

1.10 

080 

149 

1.13 

0.807 

0.76 

2660 

1.25 

0.90 

.... 

147 

1.15 

0.795 

0.88 

1870 

1.50 

1.08 

.... 

147 

1.17 

0.785 

0.88 

1190 

'  Square  inches  of  aarcgate  per  mm  of  eement. 
'Vdumsi  of  oooerete  for  oos  TohnM  ef  aypegato. 
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Table  IV. — Compression  Tests  op  Concebtb — (ConUnued). 


Mix  by 

Volame. 


SurfMo 
Aiw.^ 


Relatiye 

Connstr 

vacy. 


Water 
Ratio. 


Goo«rete  Tests. 


Slump, 
in. 


Unit  Weight, 
H).  per  sq.  b. 


rield.> 


)     Void- 

Deuitjr.      Cement 

I     Ratio. 


StWBfth. 

]b.periq.iiu 


Fdohih  MoDULtJi,  ft.75;  Suvici  Asia,  900;  SmrACi  Modulus,  4.6. 


1:7 

18.4 

0.80 

.1.08 

150 

0.06 

0.856 

0.00 

1580 

0.80 

l.» 

.... 

150 

0.08 

0.856 

0.00 

1000 

1.00 

1.88 

0.62 

140 

1.01 

0.885 

1.17 

TOO 

1.10 

1.51 

.... 

146 

t.OS 

0.815 

1.88 

510 

1.25 

170 

.... 

148 

1.08 

0.815 

1.88 

480 

1.50 

2.04 

.... 

147 

1.06 

0.708 

1.54 

880 

1:5 

13.1 

0.80 

0.74 

149 

1.02 

0.848 

0.78 

2480 

0.00 

0.86 

.... 

151 

1.01 

0.860 

0.71 

2450 

1.00 

0.08 

0.62 

140 

1.08 

0.846 

0.80 

1860 

1.10 

1.02 

.... 

148 

1.05 

0.828 

0.00 

1420 

1.25 

1.15 

.... 

148 

1.06 

0.820 

0.06 

800 

1.50 

1.80 

.... 

147 

1.10 

0.700 

1.15 

580 

t:3i 

0.3 

0.80 

0.57 

140 

1.08 

0.842 

0.60 

3730 

0.00 

0.64 

151 

1.08 

0.848 

0.50 

3640 

1.00 

0.72 

0.75 

150 

1.10 

0.829 

0.66 

3380 

1.10 

0.78 

150 

1.11 

0.82« 

0.68 

2560 

1.25 

0.80 

.... 

147 

1.14 

0.809 

0.80 

1040 

1.50 

107 

147 

1.16 

0.780 

0.80 

1170 

FnaNxas  Modulus.  6.00;  Surpacd  Arsa.  730;  Surtacb  Moouloi,  5i3« 


1:7 

14.8 

0.80 

0.81 

143 

1.01 

0.825 

1.24 

1440 

0.00 

0.03 

148 

0.08 

0.852 

1.02 

1720 

1.00 

1.00 

0.62 

148 

0.085 

0.848 

1.05 

1380 

1.10 

1.11 

150 

0.08 

0.850 

1.03 

1080 

1.25 

1.86 

140 

0.00 

0.843 

1.10 

740 

1.50 

1.62 

140 

1.00 

0.884 

1.16 

560 

1:5 

10.6 

0.80 

0.70 

151 

1.00 

0.876 

0.62 

3860 

0.00 

0.70 

150  . 

1.01 

0.848 

0.77 

8140 

' 

1.00 

0.88 

0,62 

150 

1.08 

0.844 

0.80 

1760 

1.10 

0.00 

140 

1.04 

0.828 

0.80 

1340 

1.25 

1.12 

147 

1.06 

0.815 

0.08 

870 

1.50 

1.84 

147 

1.08 

0.800 

1.08 

660 

l:8i 

7.4 

0.80 

0.57 

140 

1.00 

0.820 

0.65 

8270 

0.00 

0.64 

151 

1.06 

0.848 

0.56 

8810 

1.00 

0.70 

0.75 

140 

1.08 

0.840 

0.80 

8630 

1.10 

0.78 

147 

1.11 

0.814 

0.78 

2210 

1.25 

0.80 

146 

1.16 

0.780 

0.80 

1880 

1.50 

1.06 

146 

1.14 

0.700 

0.84 

870 

^S<iuare  ioolies  of  agvsti^  per  pta  of  < 
>  Volomss  of  oooflKte  for  one  toIiiim  of  « 
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Tablb  IV. — Compression  Tests  of  Concrete — (Continuedi, 


Mkkf 


An».> 


RMtf 


Water 
Ratio. 


CooorateTcata. 


UnitWdilit, 
Ib.peroa.fi. 


rie!d.« 


Deniity. 


Void- 
Cement 
Ratio. 


OanpreeBYe 

Strength, 

lb.  per  iq.  in. 


FnmnMa  MoDtJLUi,  8.36;  Suv aci  Aua,  650;  Suv acb  Modului,  iJ^ 

1:7 

10.7 

0.80 

0.80 

188 

1.03 

0.780 

1.78 

880 

0.00 

0.78 

.... 

187 

1.01 

0.790 

1.68 

1170 

1.00 

0.87 

0.76 

140 

0.90 

0.790 

1.48 

1200 

1.10 

0.06 

142 

1.00 

0.800 

1.40 

1010 

1.S6 

1.06 

.... 

144 

0.09 

0.806 

1.86 

800 

1.60 

1.80 

.... 

145 

0.98 

0.817 

1.28 

840 

1:6 

7.7 

0.80 

0.04 

143 

1.01 

0.820 

0.01 

2010 

0.00 

0.78 

140 

1.00 

0.834 

0.88 

2020 

1.00 

0.81 

0.76 

147 

1.00 

0.825 

0.87 

1880 

1.10 

0.88 

140 

0.99 

0.888 

0.80 

1280 

1.26 

1.00 

148 

1.01 

0.820 

0.01 

1000 

1.60 

1.90 

.... 

140 

1.02 

0.812 

0.98 

800 

l:S» 

1.4 

0.80 

0.67 

.... 

160 

1.03 

0.840 

0.68 

8030 

0.00 

0.84 

.... 

180 

1.04 

0.834 

0.80 

2660 

1.00 

0.72 

0.02 

148 

1.08 

0.818 

0.88 

2020 

1.10 

0.70 

147 

1.00 

0.790 

0.80 

1470 

1.26 

0.08 

.... 

140 

1.11 

0.788 

0.84 

1090 

1.60 

1.08 

.... 

140 

l.]8 

0.770 

0.01 

800 

FnoDn 

■  Movoun,  tMi  SmvAca  Amml,  380;  BmrAoi  Mooobos.  17. 

1:7 

7.1 

0.80 

0.88 

130 

1.02 

0.700 

1.71 

840 

0.90 

0.71 

132 

1.03 

0.768 

1.87 

1040 

].00 

0.78 

0.82 

133 

1.00 

0.770 

1.81 

080 

l.]0 

0.87 

135 

0.99 

0.780 

1.63 

800 

1.26 

0.96 

137 

0.99 

0.780 

].68 

740 

1.50 

].18 

.... 

137 

1.00 

0.788 

1.82 

630 

1:6 

6.1 

0.80 

0.58 

132 

1.06 

0.756 

1.20 

1120 

0.90 

0.00 

.... 

187 

1.02 

0.778 

1.18 

1480 

1.00 

0.88 

0.76 

138 

1.01 

0.785 

1.00 

1550 

1.10 

0.72 

.... 

141 

1.01 

0.788 

1.07 

1210 

1.25 

0.82 

.... 

144 

0.98 

0.818 

0.02 

1100 

1.60 

0.09 

.... 

145 

0.99 

0.804 

0.97 

710 

l:8i 

3.6 

0.80 

0.66 

148 

1.02 

0.816 

088 

2480 

0.90 

0.83 

.... 

151 

1.00 

0.840 

0.58 

2SI10 

1.00 

0.80 

0.88 

150 

1.01 

0.825 

0.82 

2040 

1.10 

0.76 

147 

1.04 

0.707 

0.74 

1840 

1.26 

0.87 

.... 

147 

1.08 

0.700 

0.76 

1240 

1.60 

1.04 

148 

1.08 

0.770 

0.87 

880 

>  SquM*  iaebae  of  av«Cate  per 
'  Vflbaeeof  eoncfete  for  one 


gnunofeemeot. 
of  aggregate. 
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on  aggregate;   both  briquette  and  compression  tests  of  2  by  4-in.  cylinders 
made  at  intervals  throughout  the  period  covered  by  the  concrete  tests. 

Table  V. — Sumbiary  op  Compression  Tests  op  Concrete. 

(DqMkrtment  of  Pablio  Works,  Philadelplin.) 
(Rearrangement  of  Strength  Tests  in  Table  IV.) 


were 


FineneM 

SurfaoeAna, 
n.  in.  per  lb. 
oiaggregftte. 

SurfMe 
ModoluB. 

CampreaBive  StreDgth,  lb.  per  sq.  in. 

Moduloa. 

0.80« 

0.90a 

1.00« 

1.10« 

1.25a 

1.50« 

Averace. 

Mix  1 :  7  bt 

VoLma. 

2.58 

3090 

22.6 

210 

240 

220 

190 

140 

90 

180 

4.50 

1760 

12.8 

520 

400 

360 

310 

220 

160 

330 

5.50 

1070 

7.8 

1290 

1010 

880 

500 

420 

320 

740 

5.75 

900 

6.6 

1590 

1000 

790 

670 

480 

380 

800 

6  00 

730 

5.3 

1440 

1720 

1380 

1030 

740 

560 

1150 

8.25 

550 

4.0 

860 

1170 

1260 

1010 

890 

640 

970 

6.50 

380 

2.7 

840 

1040 

960 

800 

740 

530 

820 

Average 

060 

940 

840 

630 

520 

380 

710 

Mix  1 :  5  BT 

V'OLUMl. 

2  58 

3090 

22.6 

480 

440 

460 

370 

340 

200 

380 

4.50 

1760 

12.8 

1400 

1280 

1150 

950 

720 

480 

1000 

5.50 

1070 

7.8 

2530 

2180 

1920 

1460 

910 

600 

1800 

5.76 

900 

6.6 

2480 

2450 

1860 

1420 

890 

580 

1610 

6.00 

730 

5.3 

2860 

2140 

1760 

1240 

870 

650 

1590 

8.25 

550 

4.0 

2010 

2020 

1680 

1280 

1000 

680 

1440 

6.50 

380 

2.7 

1120 

1460 

1550 

1210 

1100 

710 

1190 

Average 

1840 

1710 

1480 

1130 

830 

560 

1260 

Mix  1 :  3}  bt 

VOLUICI. 

2.58 

3090 

22.6 

960 

1060 

1120 

970 

770 

520 

900 

4.50 

1760 

12.8 

2410 

2320 

2270 

1960 

1600 

1110 

1040 

5.50 

1070 

7.8 

3280 

3370 

2960 

2680 

1870 

1190 

2560 

5.75 

900 

66 

3730 

3640 

3380 

2560 

1940 

1170 

2740 

6.00 

730 

5.3 

3270 

3210 

2620 

2210 

1530 

970 

2300 

6  25 

550 

4.0 

3030 

2550 

2020 

1470 

1090 

800 

1830 

650 

380 

2.7 

2480 

2210 

2040 

1640 

1240 

860 

1740 

Average 

2740 

2620 

2340 

1920 

1430 

950 

2000 

a  Relative  conastency  of  concrete. 

Table  IV  contains  data  of  concrete  tests.  Table  V  is  a  rearrangement  of  strength 
tests  in  Table  IV. 

The  original  report  gave  fineness  modulus  values  only;  in  this  abstract  the 
surface  area  and  surface  modulus  were  computed  also. 
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Rbport  op  Tests  Made  by  University  op  Texas,  Austin,  Tex. 
This  report  covers  tests  in  Group  I,  using  four  gmdings  of  sand  and  pebble 
aggr^ates,  mixtures  1:7,  1:5,  1  :  3}  by  volume  and  four  consistencies.     The 
entire  group  was  repeated  using  the  method  of  rodding  described  by  P.  E.  Giesecke 

Table  VI. — Tests  of  Cement. 

(University  of  Teias.) 

All  tctlfl  made  m  teeordftnes  with  the  Standerd  Spedlteetioiif  and  Teets  for  Porthad  Canent  (C  9-21)  of  the 
AflMrioaa  Soeiety  for  Tcitiiif  Mat«riala.i 


Date  Made. 

FineneM 

ReadueoB 

2<^inedi 

Sieve. 

Normal 
CooMteaey. 

Time  of  Setting. 

Tenale  Strength 
of  Briquettes, 
lb.  per  sq.  m. 

Cement 

Initial. 

TuaL 

(over  boil- 
ing water). 

h.  m. 

h.  m. 

Tdays. 

283 
206 
203 

28  days. 

A 

B 

Mil* 

Sept.  30. 1920 
Sept.  21. 1020 
Oet.  11.1020 

24.0 
20.0 
22.0 

21.6 
22.5 
21.0 

2    50 

1  20 

2  65 

5    00 
8    45 
5    00 

368 
387 
363 

O.K. 
OJC. 
O.K. 

>  1021  Book  of  A.8.T.M.  Standards. 

*  A  mixture  of  equal  parts  of  cements  A  and  B. 


Sand  from  Golorado  River. 


Table  VII. — ^Tests  of  Aggregate. 

(University  of  Tejcas.) 


Item. 


Sieve  Analysis, 


than  each  aeve, 
pereentby 


Sieve  No.  100.. 
Sieve  No.  486. 
Sieve  No  286. 
Sieve  No.   146 

i-in 

i-in. 


ft:: 

l}-b. 


Surfaee  area* 

Surfaee  moduhis* 

Speeifie  gravity 

Abiorptioo  after  3-hr. 

room  temperature 

Unit  weight,  lb.  per  cu.  ft 
Organic  impuritiei 


in  water  at 


100 
08 
75 
46 
25 
4 
0 


3.48 
1720 
12.5 
2.02 


Medium 
Gravel. 


100 

100 

100 

100 

100 

09 

70 

6 

0 

6.75 

140 

1.0 

2.68 


0.54         1.00        1.00        1.00 
111  103  100  107 

Sand,  light  yellow  in  color  (O.K.) 


Coarse 
Gravel. 


100 

100 

100 

100 

100 

100 

100 

96 

8 

8.02 

50 

0.4 

2.52 


Mixed> 
Gravel. 


100 

100 

100 

100 

100 

100 

84 

60 

4 

7.38 

95 

0.7 

2.55 


Mixed  Concrete  Aggregate. 


48.2«       35.4a       22.5> 


100 
00 
88 

74 
64 
53 
44 
26 
2 
5.50 
880 
6.4 


122 


100 

99 

91 

81 

73 

66 

55 

32 

3 

6.00 

670 

4.0 


124 


100 

100 

94 

88 

83 

78 

65 

39 

3 

6.50 

460 

8.4 


119 


«  Sand,  per  cent  by  weight  of  total  aggregate. 

6  Sieves  No.  60.  30  and  16  have  been  substituted  for  No.  48.  28  and  14  in  the  TenUUve  Method  of  Test 
for  Sieve  Analysis  of  Aggngafei  for  Cooerete  (041-21 T). 

*  Equal  parts  by  weight  of  the  medium  and  eoarw  gravel 

•  See  text  for  explanation  of  these  terms. 

in  his  paper  on  "  ^ect  of  Rodding  Concrete"  Proceedings^  Am.  Soc.  Test.  Mats., 
Vol.  XX,  Part  II,  p.  219  (1920).     In  these  tests  the  concrete  was  rodded  5  timet. 
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Concrete  was  hand-mixed,  each  batch  forming  one  test  piece.  Specimens  stored 
in  damp  sand  and  tested  at  28  days.  Pour  hundred  and  eighty  6  by  12-in.  con- 
crete cylinders  were  tested 

TEST  DATA. 

The  results  of  the  tests  are  summarized  in  the  attached  tables.  Table  VI  gives 
standard  tests  of  the  two  cements  and  of  the  miztinre  which  was  used  in  the  con- 
crete. Table  VII  contains  sieve  analyses  and  other  data  on  aggr^ate  and  Table 
VIII  contains  a  summary  of  strengths  of  sand  mortars;  both  briquette  and  com- 
pression tests  of  2  by  4-in.  cylinders  were  made  at  intervals  throughout  the  period 
covered  by  the  concrete  tests. 

Table  VIII. — Strength  Tests  of  Sand  Mortars. 

(Univenity  of  Texas.) 
ft  mixture  of  two  brands  of  portlsiid  oment  purdiased  b  Austin. 


Dftt«Mftde. 


TbDflion  Tests  of  Bruiuettee, 
lb.  per  sq.  in. 


Mix  1 :  3  by  Weicht 


Stftndsrd 
Sand. 


7 
days. 


days. 


Colorado 
River 
Sand. 


7 
days. 


days. 


Mix  1:8 
by  Volume. 


Colorado 
River 
Sand. 


7 
days. 


28 
days. 


CoinpresBion  Tests  of  2  by  4^ 
Qjlinders,  lb.  per  sq.  in. 


Mix  1:817  Wei^t 


Standard 
Sand. 


7 
days. 


days. 


Cokndo 
River 
Sand. 


7 
days. 


28 
days. 


MbEl:8 


Colorado 
River 

Sand. 


7 
days. 


28 
days. 


Got  12.1020.. 
Oct.  13,1920.. 
Oot  14,1020.. 
Nov.  5.1920.. 
Doe.  1.1020.. 
Dec.  13,1020.. 
Dec.  14,1020.. 
Deo.  16.1020.. 
Dec.  27,1020.. 
Jan.  12.1021.. 
Jan.  28,1021.. 
Jan.  81.1021.. 
Feb.  8.1021.. 
Feb.  11.1021.. 
Feb.  16,1021.. 

Aversge 


245 
300 
200 
285 
270 
270 
275 
275 
275 
275 
825 
310 
280 
330 
285 


380 
340 
305 
425 
805 


870 
855 
855 

800 
800 


870  .  825 


445 

400 
445 
400 
475 
405 
440 
415 
425 


845 
805 
805 
875 
370 
885 
370 
400 
340 


475 
445 

500 

460 
425 
440 
505 

470 
475 
475 
515 
500 
525 
485 


880 
850 

840 
880 
305 
810 
835 
810 
830 
880 
840 
310 
345 
315 


880 
450 

455 

420 
300 
800 
430 
360 
440 
455 
455 
420 
430 
425 


2220 
1720 
1060 
1630 
1000 
1740 
1770 
1000 
1820 
2370 
2240 
2040 
2460 
2700 
2180 


2700 
8020 
2000 

8070 
3880 
3160 
3210 
3360 
3450 
3000 
3560 
3080 
4340 
4240 
4160 


8210 
3080 


8320 
8060 
2740 
2840 
2560 
3120 
2000 
2060 
3020 
3010 
2820 
4010 


4260 
4700 
6000 

4060 
4060 
3710 
8760 
4560 
4740 
4560 
5180 
5300 
5100 
5400 
4760 


285 


420 


870 


480 


830 


420 


2050 


3530 


3000 


2740 
2480 

2600 
2280 
1020 
2120 
2850 
2830 
2310 
2720 
2610 
1060 
8060 
2600 

2440 


3680 
3580 

3050 
3020 
3240 
3350 
3370 
8060 
8650 
4860 
4120 


4180 


Table  IX  contains  data  on  concrete  tests.  Table  X  is  a  rearrangement  of 
strength  tests  in  Table  IX. 

The  original  report  gave  fineness  modulus  values  only;  in  this  abstract  the  sur- 
face area  and  surface  modulus  were  computed  also. 

The  original  report  contained  detailed  data  on  stress-deformation  measure- 
ments on  each  cylinder.  Only  the  modulus  of  elasticity  of  the  concrete  has  been 
included  in  this  summary.  The  exact  method  of  determining  these  values  was  not 
stated. 
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Table  IX. — Compression  Tests  op  Concrete. 

(Unirentty  of  Texas.) 
Tests  of  6  b/  13-ui.  oooorete  Qylinders. 
Aoragate:  Hmdandmbblet;  —  taod  from  the  Colorado  RiTer. 
Cement:  a  muture  of  equal  parte  of  two  fannds  ot  porthiMl  oement  purohaaed  in  Auittn. 
Speeimene  stored  in  damp  Band  ontil  teetod;  tested  damp  at  ace  of  28  days. 
Eaeh  vahie  is  the  averace  of  6  tests  made  oo  different  days. 
See  text  for  ezplanatioii  of  fineness  modulus,  surfsee  area  and  surboe  modulus. 


Mil 

by 


faee 
Ana.! 


tive 
Con- 


Water 
Ratio. 


Gooerete  Tests. 


Molded  hf  Staodaid  Method. 


I' 


I 


Bodded. 


I' 

II 


Pta 

lamaa 

MoDULoa  or 

AooBwun,  3.48;  Suwaoi  Asia.  1730;  Subtaci  Modulus,  12JS. 

1:V 

81  .C 

0.90 

1.44 

182 

1.02 

0.731 

1.92 

490 

1670 

138 

1.00 

0.748 

1.76 

710 

3360 

1.00 

1.69 

133 

1.04 

0.719 

2.06 

430 

1760 

186 

1.00 

0.747 

1.77 

710 

3140 

1.10 

f.76 

184 

1.04 

0.718 

2.06 

390 

1940 

188 

1.00 

0.746 

1.78 

630 

3300 

1.26 

1.99 

132 

1.00 

0.694 

2.81 

300 

1180 

137 

1.03 

0.736 

1.89 

630 

3310 

1:6 

23.4 

0.00 

1.18 

188 

1.05 

0.740 

1.86 

910 

8040 

143 

1.00 

0.770 

1.16 

1340 

3680 

1.00 

1.26 

130 

1.08 

0.731 

1.61 

920 

2060 

143 

1.00 

0.766 

1.17 

1370 

8780 

1.10 

1.38 

184 

1.09 

0.709 

1.68 

090 

1840 

141 

1.00 

0.772 

1.14 

1390 

3780 

1.36 

1.67 

134 

1.10 

0.701 

1.66 

610 

1860 

143 

1.00 

0.773 

1.14 

1040 

3640 

1..3I 

16.7 

0.90 

0.76 

141 

1.06 

0.768 

0.92 

2120 

3680 

144 

1.04 

0.786 

0.78 

3860 

8960 

1.00 

0.86 

140 

1.10 

0.761 

0.90 

1990 

3790 

146 

1.04 

0.706 

0.76 

3840 

4830 

1.10 

0.95 

138 

1.12 

0.717 

1.10 

1880 

8260 

144 

1.04 

0.786 

0.78 

8630 

4830 

1.25 

1.06 

137 

1.13 

0.788 

1.06 

1480 

2840 

146 

1.06 

0.786 

0.79 

8480 

4940 

880;  i 

SuwAca  MoDULUi,  6.4. 

1:7 

17.7 

0.90 

1.16 

146 

0.99 

0.831 

1.17 

1090 

3330 

149 

0.97 

0.866 

0.96 

1810 

4720 

1.00 

1.29 

146 

1.00 

0.828 

1.20 

1000 

2960 

180 

0.96 

0.867 

0.96 

1700 

4370 

1.10 

1.43 

146 

1.02 

0.813 

1.34 

700 

2420 

149 

0.97 

0.865 

0.98 

1600 

4360 

1.36 

1.61 

145 

1.02 

0.800 

1.37 

620 

2620 

149 

0.97 

0.863 

1.00 

1170 

4040 

1:5 

12.6 

0.90 

0.714 

148 

1.02 

0.843 

0.80 

2370 

4620 

151 

0.99 

0.861 

0.69 

3240 

5120 

1.00 

0.794 

148 

1.03 

0.832 

0.87 

2210 

3820 

151 

0.99 

0.861 

0.69 

3180 

4730 

1.10 

0.874 

147 

1.04 

0.825 

0.01 

2100 

4190 

150 

1.01 

0.850 

0.76 

8030 

4800 

1.35 

0.992 

146 

1.05 

0.818 

0.95 

1630 

3130 

150 

0.99 

0.850 

0.74 

2630 

4640 

1:31 

8.8 

0.90 

0.519 

148 

1.06 

0.842 

0.50 

3510 

4300 

150 

1.05 

0.856 

0.53 

4390 

5100 

1.00 

0.600 

148 

1.07 

0.838 

0.61 

3520 

4560 

150 

1.06 

0.852 

0.56 

4180 

6600 

1.10 

0.669 

148 

108 

0.828 

0.65 

3290 

4660 

150 

1.06 

0.840 

0.56 

3890 

5010 

1.26 

0.749 

147 

1.10 

0  819 

0.70 

2550 

4480 

150 

1.06 

0.846 

0.57 

8430 

4960 

1  Sqoart  ioohes  of  aggrepUe  per  gram  of  oement 
■Vohmes  of  eoosrete  for  one  Tolamo  of  aggrecate. 
'Modulus  of  dastioity  of  oooerate  in  1000  lb.  per  sq.  in. 
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Table  IX — Compression  Tests  of  Concrete— (Continued), 


Mix 

vi 


8ur- 
fftoe 


Reb- 
iive 
Con- 

enoy. 


Water 
Ratio. 


ConcreUTcata. 


Molded  by  StAndard  Method. 


Rodded. 


FunifMB  Modulus  or  AoooOAn,  6.00:  Suwacb  Amu, 

1:7 

13.6 

0.00 

1.06 

149 

0.99 

0.862 

1.01 

1180 

3300 

161 

0.96 

0.880 

0.81 

1070 

4400 

1.00 

1.19 

148 

0.99 

0.863 

1.02 

020 

3070 

152 

0.96 

0.857 

0.96 

1050 

8740 

1.10 

1.30 

149 

1.00 

0.839 

1.13 

720 

2760 

162 

0.97 

0.876 

0.84 

1710 

4070 

1.25 

1.48 

147 

1.00 

0.831 

1.19 

680 

2740 

162 

0.97 

0.873 

0.86 

1810 

8720 

1:6 

0.7 

090 

0.676 

161 

1.00 

0.866 

6.67 

8120 

6220 

153 

0.98 

0.878 

0.60 

4000 

5790 

1.00 

0.748 

150 

1.00 

0.869 

0.71 

2940 

4560 

153 

0.98 

0.882 

0.68 

3580 

4030 

1.10 

0.824 

160 

1.01 

0.861 

0.76 

24M 

4360 

152 

0.98 

0.874 

0.62 

3680 

5060 

1.26 

0.938 

149 

1.02 

0.844 

0.70 

1720 

4280 

152 

0.99 

0.874 

0.62 

3040 

4370 

l:3i 

6.8 

0.00 

0.490 

150 

1.06 

0.866 

0.63 

3760 

6160 

152 

1.04 

0.866 

0.40 

4480 

5480 

1.00 

0.660 

160 

1.07 

0.846 

0.68 

8620 

6180 

162 

1.06 

0.866 

0.49 

4370 

5770 

1.10 

0.600 

149 

1.06 

0.842 

0.60 

3440 

4760 

152 

1.06 

0.852 

0.54 

8040 

5040 

1.26 

0.680 

148 

1.09 

0.882 

0.64 

3800 

4330 

151 

1.06 

0.862 

0.51 

8510 

4570 

FimNMS  Modulus  op  AooRMAn,  6JiO;  Subpaci  Aria, 

460;  SuBPAOi  Modulus,  3.4. 

1:7 

9.4 

0.90 

0.860 

160 

0.93 

0.860 

0.85 

1560 

8580 

161 

0.02 

0.874 

0.81 

2060 

8050 

1.00 

0.963 

160 

0.93 

0.860 

0.86 

1820 

8880 

151 

0.01 

0.879 

0.77 

1940 

4740 

1.10 

1.05 

160 

0.93 

0.862 

0.90 

1070 

8440 

152 

0.02 

0.877 

0.70 

1620 

8670 

1.25 

1.19 

148 

0.96 

0.843 

1.04 

850 

3110 

152 

0.01 

0.877 

0.78 

1380 

4600 

1:5 

6.7 

0.90 

0.748 

151 

0.96 

0.864 

0.66 

2500 

4820 

163 

0.94 

0.883 

0.56 

3890 

5040 

1.00 

0.819 

150 

0.97 

0.862 

0.72 

1830 

4200 

168 

0.05 

0.879 

0.57 

2860 

4710 

1.10 

0.900 

149 

0.99 

0.838 

0.80 

1470 

3810 

152 

0.05 

0.871 

0.61 

2380 

4330 

1.25 

1.025 

149 

1.01 

0.827 

0.87 

1090 

3800 

152 

0.05 

0.871 

0.61 

187D 

4340 

l:3j 

4.7 

0.90 

0564 

151 

1.02 

0.867 

0.51 

4040 

6110 

152 

1.01 

0.860 

0.40 

4490 

5190 

1.00 

0  613 

161 

1.03 

0.847 

0.56 

3750 

6170 

162 

1.01 

0.864 

0.48 

4830 

5180 

1.10 

0.675 

149 

1.04 

0.875 

0.46 

2010 

3920 

152 

1.00 

0.875 

0.44 

3670 

5270 

1.26 

0.768 

149 

1.06 

0.820 

0.67 

2130 

4400 

151 

1.02 

0.860 

0.50 

3160 

4820 

*  Square  incheB  of  acpregate  per  gram  of  eeneBt 
s  Volumes  of  eoocrete  kt  one  ▼obase  of  aorsiste. 
•Modulnsof  elaatiei«7  0f  soMtotoiii  lOOOlU  persq.  in. 
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Table  X. — ^Summary  of  Comprbssion  Tests  of  Concrete. 

(University  of  .Texas.) 
(Rearrangement  of  Strength  Tests  in  Table  IX.) 


SurbaeAm. 
sa.  in.  per  lb. 
ofsnncate. 

SorfMs 
Modulus. 

CompnsBve  Strength,  lb.  per  sq.  in. 

FinensM 
Moduhii. 

Redded. 

O.QO* 

1.00> 

1.10« 

1.2fi- 

Average. 

O.QOe 

1.00« 

1.10a 

1.26« 

Average. 

Mix  1 : 7  >T 

VoLum. 

3.4. 

1720 

12.6 

400 

430 

390 

300 

400 

710 

710 

620 

620 

640 

5.fi0 

880 

6.4 

1090 

1000 

700 

620 

830 

1810 

1700 

1600 

1170 

1540 

6.00 

•70 

4.9 

1180 

020 

720 

580 

850 

1970 

1050 

1710 

1210 

1710 

O.fiO 

460 

3.4 

1560 

1820 

1070 

850 

1200 

2060 

1940 

1620 

1330 

1740 

Average 

1080 

920 

720 

560 

820 

1640 

1580 

1360 

1060 

1410 

Mix  1 : 5  bt 

VoLvm. 

3.48 

1720 

12.5 

010 

920 

690 

610 

780 

1340 

1370 

1290 

1040 

1260 

6.50 

880 

6.4 

2870 

2210 

2100 

1630 

2080 

3240 

3180 

8030 

2620 

3020 

6.00 

670 

4.9 

3120 

2940 

2430 

1720 

2550 

4000 

3580 

3680 

3040 

3570 

6.50 

460 

3.4 

2500 

1830 

1470 

1090 

1720 

3290 

2860 

2380 

1870 

2600 

Average 

2220 

1980 

1670 

1260 

1780 

2960 

2750 

2590 

2140 

2610 

Mixl 

:  3^  BT  VoLuin. 

8  48 

1720, 

12.5 

2120 

1990 

1830 

1430 

1840 

2850 

2840 

2520 

2430 

2600 

5.50 

880 

6.4 

3510 

3520 

3290 

2550 

3220 

4290 

4180 

3890 

3420 

3040 

6  00 

670 

4  9 

3760 

3620 

3440 

2860 

3420 

4480 

4370 

3940 

3510 

4080 

650 

460 

3  4 

4040 

3750 

2910 

2130 

3210 

4490 

4320 

3670 

3150 

3910 

Average 

3360 

3220 

2870 

2240 

2920 

4030 

3910 

3510 

3130 

3650 

a  Relattve  eooslBteney  of  oonerete. 
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Report  of  Tests  Made  by  University  of  Toronto,  Toronto,  Canada. 
This  report  covers  tests  in  Group  11,  excepi  that  the  batches  were  proportioned 
on  the  basis  of  the  separate  volumes  of  aggr^ate,  instead  of  by  mixed  wdume.  Seven 
gradings  of  sand  and  crushed  stone  aggr^ates  were  used  for. mixtures  of  1  :  7,  1  :  5, 
and  1:3},  and  each  mixed  to  six  consistencies.  The  mixtures  designated  as  1  :  7 
vary  from  1  :  7  to  about  1  :  6  when  converted  in  the  form  recommended  by  the 
committee;  the  1  :  5  mixtures  vary  from  1  :  5  to  about  1  :  4 J,  etc.  The  converted 
mixtures  are  given  in  Table  XI. 

Table  XI. — True  Mix  for  Concrbtes  in  Table  XV. 

(UniTenity  of  Toronto..) 


Thie  Mix  for  AonfataB  of  Differant  Gndi^ 

Mix  by  Sepanta  Volumes. 

4.00« 

4.60« 

6.60a 

6.7fi« 

6.00« 

6.28« 

0.60« 

1:7 

1:7.0 
1:6.0 
1:3.6 

1:6.8 
1:4.7 
1:3.3 

1:6.0 
1:4.3 
1:3.0 

1:6.9 
1:4.2 
1:2.0 

1:6.9 
1:4.2 
1:2.0 

1:6.0 
1:4.3 
1:3.0 

1:0.1 

1:6 

1:4.4 

1:3} 

1:3.1 

'  Fineoeas  modulus  of  aggregates. 

Concrete  was  hand  mixed  in  batches  of  about  •}-  cu.  ft.  Four  hundred  and  thir- 
teen 6  by  12-in.  cylinders  were  tested.  Specimens  were  stored  in  a  moist  place  and 
tested  damp  at  the  age  of  28  days. 

The  following  is  from  Professor  Gillespie's  report,  "In  the  time  at  our  disposal 
we  did  not  obtain  figures  for  Unit  Weight,  Density  or  Yield,  and  we  made  only  four 
cylinders  of  each  batch  in  Group  II." 

TEST  DATA. 

The  results  of  the  tests  are  summarized  in  Tables  XII  to  XV.  Table  XII 
gives  standard  tests  of  the  portland  cement  which  was  used  in  the  concrete.     Table 

XIII  gives  the  results  of  tension  tests  of  briquettes  and  compression  tests  of  2  by  4-in. 
cylinders  made  of  1  :  3  mortar  using  both  standard  and  "oommercial"  sand.    Table 

XIV  gives  sieve  analyses,  mortar  tests  of  sand  and  other  data  on  the  aggregates. 
Table  XV  contains  data  of  compression  tests  of  concrete  cylinders. 

The  original  report  gave  fineness  modulus  values  only;  in  this  abstract  the 
surface  area  and  surfeu^e  modulus  were  computed  also. 

Sufficient  data  were  not  available  to  calculate  the  void-cement  ratio  as  was 
done  in  abstracting  the  reports  on  tests  made  in  Series  201  by  other  laboratories. 
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Table  XII. — Tests  of  Cement. 

(University  of  Toronto.) 
AH  testa  made  in  aecordanee  with  the  Standerd  SpeaaficatiOns  and  Teats  for  Portland  Cement  (C  9  -  21)  of  thft 
American  Society  for  TesUns  Materials.* 

Cement:  a  mixture  oftnree  brands  of  portlaad  oement  purchased  in  Toronta 


Fineness 

Normal 

Coasistenoy. 

percent 

liy  weight. 

Spedfie 
Gravity. 

3.04 

Time  of  Setting 
(GiUmore  Needle). 

'^^^       1   soundness 

Residaeon 

InitiaL 

Final. 

lb.persq.m.         ;   5St  (SJer 
boiling 
1     wat^. 

100 

200 

h.  m. 

h.  m. 

7  days. 

28dayB. 

OS 

3.5 

23.6 

1    10 

6    27 

245 

385      ;       O.K. 

*  1921  Book  of  A.S.T.M.  Standards. 

Table  XIII. — Strength  Tests  of  Sand  Mortars. 

(University  of  Toronta) 
Cement:  a  mixture  of  three  brands  of  Portland  cement  purdiased  in  Toronto. 


Tension  Tests  of  Briquettes, 
lb.  per  sq.  in. 

(Tompression  Tests  of  2  bjr  4-in.  Cylinders, 
lb.  per  sq.  m. 

Mix  1 : 3  by  Weight. 

Mix  1:8 
byVohmie. 

Mix  l:3by  Weight. 

Mix  1:3 
byVohime. 

Commercial  Sand. 

CommereSalSand. 

Standard  Sand. 

Omimereial  Sand. 

Commercial  Sand. 

7  days. 

28  days. 

7  days. 

28  days. 

7  days. 

28  days. 

7  days. 

28  days. 

7day8. 
1963 

28  days. 

7days. 

28  days. 

245 

386 

475 

608 

407 

468 

1230 

2150 

3480 

1650 

2260 

Table  XIV. — Miscellaneous  Tests  of  Aggregates. 

(University  of  Toronto.) 


Item. 


^ve  Analysis, 
amount  eoarser 
than  each  sieve, 
per  cent  by 
weight 


SicreNo.  100 

SieveNo.   486 

SieveNo.   286 

SieveNo.   146 

SieveNo.     8 

ffieveNo.     4 

l-in 

l-in 

Ii4n 

Fineness  modulus 

Surface  area 

Surface  modulus 

Spedfie  gravity 

AbsorptioD  after  3-hr.  immersion  in  water  at  room 

temperature 

Unit  weight,  lb.  per  cu.  ft 

Organic  impurities 


Sand. 


n 

95 
93 
82 
28 
5 
0 


4.00 
1380 
10.1 
2.63 

0.5 
109 


Crashed 
Stone. 


99 

99 

99 

98 

98 

98 

93 

66 

0 

7.50 

230 

1.7 

2.74 

0.4 
99 


Mixed  Aggregate. 


86a       57a       50«       48a       36«       29a 


97 

96 

94 

84 

38 

18 

13 

10 

0 

4.50 

1220 

8.9 


Pale  straw  color  (O.KL) 


98 
97 
96 
89 
58 
45 
40 
27 
0 
5.50 
860 
6.3 


98 

97 

96 

90 

63 

52 

46 

33 

0 

5.75 

800 

5.8 


96 
97 
96 
91 
68 
58 
53 
39 
0 
6.00 
750 
5.5 


96 

98 

97 

92 

73 

65 

60 

42 

0 

6.25 

640 

4.7 


98 
98 
97 
94 
78 
71 
66 
48 
0 
6.50 
580 
4.3 


'  Sand,  per  eent  of  total  aggregate. 

6  Sieves  No.  50,  30  and  16  have  been  subsatuted  for  No.  48,  28  and  14  in  the  Tentottve  Method  of  Test  for 
Ofve  Aaalyiis  of  Aggregates  for  Concrete  (C41  - 21 T). 
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Table  XV. — Compression  Tests  of  Concrete. 

(University  of  Toronto.) 


TmU  of  6  by  12-in.  ooncreto  oylinden. 

Aggregate:  sand  and  oruahed  limestone  from  Toronto. 

Cement:  a  mixture  of  equal  parte  of  three  brai  ' 

Bpeoimens  stored  in  moist  plaoe  until  tested  at  age       .    _ 

uaoh  value  is  the  average  of  4  tests  made  on  diiferent  days. 

See  text  for  explanation  of  fineness  moduhis,  surface  area,  and  surface  modulus. 


a  mixture  of  equal  parts  of  three  brands  of  Portland  oement  purehased  in  Toronto. 
oTM  days. 


Relative 
Consist- 
ency. 


Mix  1 :  7  by  Volume.^ 


I 


Mix  1 :  6  by  Vohmie.i 


Mix  1 :  si  iqr  VoIiime.> 


Surface 
Area.* 


Water 
Ratio. 


Strength, 
lb.  per  sq.  in. 


Surface 
Area.> 


Water 
Ratio. 


Compressive 

Strength^ 
lb.  per  sq.  m. 


Surface 
Area.> 


Water 
Ratio. 


Compressive 

Strength^ 
lb.  per  sq.  ra. 


FiNiNCss  MoDULUB,  4.00;  SuRPACi  Ama,  1380;  Surfacb  Modttlub,  10.1. 

0.80 

24.7 

1.01 

650 

0.80 

1160 

0.06 

2010 

0.00 

24.7 

1.14 

850 

0.90 

1390 

0.73 

2320 

I  00 

24.7 

1.27 

780 

1.00 

1460 

0.81 

2670 

1.10 

24.7 

1.39 

690 

1.10 

1370 

0.89 

2330 

1.25 

24.7 

1.58 

610 

1.26 

1100 

1.01 

1780 

l.fiO 

24.7 

1.90 

360 

1.51 

590 

1.22 

1120 

FiNiNWs  Modulus,  4.50;  Surtaci  Absa,  1220;  Subpacb  Modulus,  8.9. 


0.80 

0.94 

1040 

15.3 

0.76 

1460 

10.7 

0.61 

2370 

0.90 

1.06 

1040 

15.3 

0.85 

1700 

10.7 

0.60 

3000 

1.00 

1.18 

870 

15.3 

0.95 

1690 

10.7 

0.77 

2900 

1.10 

1.30 

820 

15.3 

1.05 

1530 

10.7 

0.85 

2460 

1.25 

1  47 

620 

15.3 

1.18 

1120 

10.7 

0.96 

1610 

1.50 

1.78 

380 

15.3 

1.42 

740 

10.7 

1.15 

1060 

FimNass  Modulus,  5J)0;  SunrAOB  Aua,  860;  SuarAOi  Modulus,  6.3. 

0.80 

14.8 

0.81 

1640 

10.6 

0.66 

2570 

0.56 

2870 

0.90 

14.8 

0.91 

1820 

10.6 

0.74 

3240 

0.62 

3670 

1.00 

14.8 

1.01 

1730 

10.6 

0.82 

2870 

0.69 

3460 

1.10 

14.8 

1.11 

1470 

10.6 

0.91 

2280 

0.76 

2610 

1.25 

14  8 

1.27 

970 

10.6 

1.03 

1660 

0.86 

2300 

1.60 

14.8 

1.52 

590 

10.6 

1.24 

1040 

l.OS 

1420 

FiNnNiss  Modulus,  5.75;  SunrAcn  Akba,  800;  Surpaci  Modulus, 

5.8. 

0.80 

13.8 

0.77 

1800 

9.8 

0.64 

2660 

0.53 

3520 

0.90 

13.8 

0.87 

2170 

9.8 

0.72 

3380 

0.60 

3770 

1.00 

13.8 

0.97 

1970 

9  8 

0.80 

2920 

0.67 

3520 

1.10 

13.8 

1.07 

1550 

9.8 

0.88 

2490 

0.73 

3360 

1.25 

13.8 

1.22 

1060 

9.8 

1.00 

1770 

0.83 

2400 

1.50 

13.8 

1.47 

640 

9.8 

1.20 

1000 

1.00 

1370 

>  These  mixes  are  nominal  only;  the  true  mixes,  in  terms  of 
*  Square  inches  <rf  aggregate  per  gram  of  oement. 


mixed  aggregates  are  given  in  Table  XI. 
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Table  XV. — Compression  Tests  on  Conch ete — (Continued) 


Rehtive 

Coiuist- 

enoy. 


Mix  1 ':  7  by  Volume.^ 


Surface 
Area.* 


Water 
Ratio. 


Compreadve 

Strength^ 
lb.  per  eq.  m. 


Mix  1  :  5  by  Voluine.' 


Surface 
Area.* 


_  ^       'Compremive 
y»t«^       Strength. 
R»t»o.      lb.  per  BQ.  in. 


Mix  1 :  3|  by  Volume.^ 


Surface 
Area.* 


Water 

Ratio. 


CkMnprcMve 

Stiength, 
lb.  per  sq.  in. 


FiNBlflflS 

MoDULca,  6.00:  SuarA 

n  Arka,  750:  SuarACK  Moddlds, 

5.5. 

0.80 

12.7 

0.74 

2030 

0.61 

3000 

0.51 

8450 

0.90 

12.7 

0.83 

2300 

0.00 

8540 

0.58 

3920 

1.00 

12.7 

0.03 

2270 

0.76 

3170 

0.65 

8740 

MO 

12.7 

1.02 

1780 

0.81 

2740 

0.71 

3390 

1.25 

12.7 

1.16 

1210 

0.05 

1970 

0.81 

2620 

1.50 

12.7 

1.40 

710 

1.14 

1060 

0  97 

1440 

FiNBNBSs  Modulus,  6.25:  SuRrACi  Arba.  640;  Surfacb  Modulus,  4.7. 

0.80 

10.9 

0.70 

2060 

7.8 

0.58 

2570 

0.50 

3780 

0.90 

10.9 

0.70 

2450 

0.66 

3580 

0.56 

4310 

1.00 

10.9 

0.88 

2080 

0.73 

3210 

0.62 

3870 

1.10 

10.9 

0.97 

1800 

0.80 

«      2620 

0.60 

8410 

1.25 

10.0 

1.11 

1200 

0.91 

1960 

0.78 

2780 

1.50 

10.9 

1.33 

730 

1.10 

1070 

0.94 

1550 

Vnmntt  Modulus,  6UM):  Subtaci  Aria,  580;  Surtaci  Modulus,  4.3. 


0.80 

9.2 

0.67 

1810 

0.56 

2430 

0.48 

8600 

0.90 

9.2 

0.75 

2500 

0.63 

3330 

0.54 

4170 

1.00 

9.2 

0.84 

2060 

0.70 

2690 

0.60 

3700 

1.10 

9.2 

0.93 

1900 

0.78 

2260 

0.66 

2950 

1.25 

9.2 

1.06 

1210 

0.86 

1600 

0.75 

2040 

1.60 

9.2 

1.27 

780 

1.06 

1060 

0.90 

1290 

1  Thest  mfates  an  noaiinal  only;  the  true  nixes,  m  Utm  of  mixed  aggregates  are  given  in  Table  XI. 
*8qiafe  biehes  ol  aggnfato  per  grm  of  eenent. 

Rbpokt  of  Tests  Made  by  Hydro-Electric  Power  Commission  of  Ontario, 

Toronto,  Canada. 

This  Import  covers  compression  tests  of  concrete  in  Group  II,  tising  seven 
gradings  of  sand  and  crushed  stone  aggregates.  Mixtures  of  1  :  7,  1  :  5,  and  1  :  3i 
in  terms  of  volume  of  cement  and  mixed  aggregate  were  used;  each  mix  was  tested 
in  six  different  consistencies. 

The  concrete  was  hand  mixed  by  means  of  shovels.  Specimens  were  stored  in 
a  moist  place  and  tested  at  28  days.  Six  hundred  and  thirty  6  by  12-in.  cylinders 
were  tested. 
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TEST  DATA. 

The  resulu  of  the  tests  are  suimnarized  in  Tables  XVI  to  XX.  Table  XVI 
>  gives  standard  tests  of  the  portland  cement  which  was  used  in  the  concrete.  Table 
XVII  gives  the  results  of  the  chemical  analyses  of  cement.  Table  XVIII  gives  the 
results  of  tension  tests  of  briquette  and  compression  tests  of  2  by  4-in.  cylinderb 
made  of  1  :  3  mortar  using  both  standard  and  "Stamford"  sand.  Table  XIX  gives 
sieve  analyses,  mortar  tests  of  sand  and  other  data  on  the  aggregate.  Table  XX 
contains  data  of  compression  tests  of  concrete  cylinders. 


Table  XVI. — Physical  Tests  of  Cbmbnt. 

(Hydro-Electric  Power  Commiauon  of  Ontario.) 
AU  twts  made  in  aeeordanoe  with  the  Staodaid  Specifieatioiu  and  Teets  for  Portlaiid  Cement  (C  9  -  21)  of  the 
"    '      '    TeeCins  Materials.^ 

purohased  ia  Toroatow 


American  Society  for  Teeting  Materials.' 
it:  a  Vrand  "    "" 


Finenem 
BeflidiM 
on  200. 

Normal 

Convteney. 

percent 

iqr  weight. 

Time  of  Setting 
(Vicat  Needle). 

''S^i^SSt 

SooadneM 

Date  Made. 

Initial, 
h.  m. 

h.  m. 

n».  per  id.  in. 

^ 

7den. 

28dayi. 

Mar.  t,  1«0 

IS  .4 
15.0 
21.8 
8.0- 

28 
24 
24 
24.6 
28 .8« 

1  80 

2  80 
2    00 
8    00- 

0    00 

6  60 

7  00 
6    00- 

262 
208 
201 
242 
216* 

888 

860 
420 
843 
842- 

O.K. 

Jvlj  39,1020 

0.K 

Uot  21,1020 

aK. 

/aa.  10,1021 

OJL 

Jul.  18,1021 

OX* 

^  Small  lot  secured  ia  separate  shipment  after  origiBal  supply  was  aihansted. 
1 1021  Book  of  A.8.T.M.  Stsadaids. 

Table  XVIL — Cbbmical  Analysis  of  Cement. 

(Hydro-Blectric  Power  Commission  of  OntarioJ 
Compound.  Per  cent. 

Silica  (SiOi) 22.43 

Inm  and  Aluminum  Oxides  (RsOs) 8. 90 

Lime  (CaO) 62.08 

Magnesia  (MgO) 2.09 

Sulfuric  Anhydride  (SOi) 1.61 

Loss  on  Ignition  (CO^+HtO) 1.80 


98.91 


The  following  is  quoted  from  the  original  report: 

"Our  experience  with  the  slump  tests  is  that  at  least  for  crushed  rock 
mixtures  it  cannot  be  depended  upon  to  give  comparative  results  with  different 
proportions  and  gradings  and  that  in  work  of  this  kind  dependence  must  be 
placed  on  the  judgment  of  an  experienced  operator  as  to  when  mixtures  of  equal 
consistency  are  obtained.  Slump  test  measurements  were  made  at  normal  or 
100  per  cent  relative  consistency,  but  only  as  a  guide  and  not  to  determine  the 
water  to  be  used  in  gaging.'* 
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Table  XVIII. — Strength  Tests  of  Sand  Mortars. 

(Hydro-Electric  Power  CommiMion  of  Ontario.) 
»  bnnd  iNiroliMed  in  ToroDtow 


T^mioB^Teatfl  of  Briquettee, 

Conpnanon  Teata  of  2  by  4Hn.  Cylindm. 

ll».  per  sq.  m. 

lb.  per  aq.  in. 

MixiqrWdilii. 

MixlgrVohiBe. 

Mix  bor  Weight. 

MixbyVotuina. 

StandftRiSuid. 

Stamford  Send. 

Stamford  Sand. 

Standard  Sand. 

Stamford  Sand. 

StamfofdSand. 

76,9b, 

28d»jrB. 

7dayi. 

28  dura. 

7daya. 

28  days. 

7daya. 

28  days. 

7dayB. 

28daya. 

7dayt. 

28dayB. 

270 

825 

8«5 

450 

205 

306 

000 

1040 

2350 

1825 

2600 

m 

325 

420 

400 

845 

400 

705 

606 

1025 

2120 

1275 

1006 

280 

870 

400 

510 

800 

415 

470 

815 

1445 

1060 

1445 

1860 

2«< 

865 

885 

• . . 

850 

.. . 

715 

716 

1080 

2325 

1100 

1400 

246 

840 

880 

535 

280 

425 

... 

855 

1650 

.... 

1400 

1510 

... 

320 

400 

450 

830 

300 

885 

650 

1750 

2520 

1646 

2110 

270 

840 

425 

540 

295 

865 

515 

026 

2875 

4080 

1460 

2600 

220 

200 

400 

415 

880 

405 

400 

805 

1040 

3505 

1855 

1400 

285 

820 

... 

.. . 

... 

. . . 

065 

770 

.... 

2610 

1630 

1540 

265 

880 

425 

880 

450 

055 

780 

1415 

2240 

1475 

1050 

Av.  255 

380 

385 

476 

315 

405 

560 

725 

1790 

2640 

1460 

1800 

Table  XIX. — Miscellaneous  Tests  of  Aggregates. 

(Hydro-Electric  Power  Commission  of  Ontario.) 


Sand. 

Crushed 
Stone. 

Mi&ed  Aggregate. 

Item. 

82.3a 

66.3- 

49. 8« 

43.3a 

86.7« 

30.3« 

Sieve  No. 
SbveNa 
SbveNo. 
SbveNo. 
Sieve  No. 
Sieve  No. 
fm 

100 

00 

03 
77 
68 
88 

17 

0 

0 

0 

3.82 

1720 

12.60 

2.04 

1.28 
112 
tow 

,00 

100 

100 

100 

100 

100 

100 

67 

0 

7.67 

71 

0.52 

2.82 

1.80 
97 

00 

04 
81 
00 

40 
82 

17 

12 

0 

4.60 

1435 

10.49 

2.07 

120 

09 

96 
87 
76 
06 

64 
44 

20 
0 
5.60 
1086 
7.57 
2.72 

120 

99 

97 
88 

79 
09 
68 

51 
34 
0 
6.75 
921 
6.74 
2.73 

126 

100 

07 

00 

82 

73 

04 

67 

38 

0 

6.00 

704 

5.68 

2.74 

126 

100 
97 
92 
85 

78 

60 

02 

42 

0 

0.25 

040 

4.75 

2.76 

124 

100 

486 

98 

Sieve  AnalysH. 

28b 

08 

146 

87 

than  eaeh  neve. 

8 

01 

per  cent  by 

4 

77 

weight 

08 

\Z 

46 

?Ji 

0 

SurfaeeaKai.... 

r 

6.60 

545 

Speoifiegimvity. 

4.01 

2.77 

Absoqytion  aftar  3-hr.  imm« 
toDperatore... 

nioD  in  water  at  room 

UnH  weight.  lb.  I 

nr  en.  ft. . . 

121 

■ 

*8aad.  per  eent  bjr  wrigfat  of  total  aggregate. 

68ievea  No.  60.  80  and  16  have  been  nhrtHoted  for  No.  48.  28  and  14  h  the  Tentative 
Sieve  Analyiia  of  Aggregates  for  Oonereto  (041  -  21  T). 


Mothod  of  1M  for 
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Table  XX. — Compression  Tests  of  Concrete. 

(Hydro>Blectric  Power  Commission  of  Ontario.) 
TeitB  of  6  by  12-in.  oonorete  oylinden. 

Aggreiftie:  auid  from  Stamfora,  Ont,  ftnd  crushed  sUme  from  power  eanal  excavatioa,  Niasva,  Canadft. 
CenMnt:  »  brand  iMrohMed  in  Toronto. 

In  feneral  the  tcata  vara  made  b  aeoordanoe  with  "Outline  of  Compreanon  Teats  of  Conerete;"  see  ProetHnott 
Am.  Boe.  T^at  Mats..  Vol  XX,  Pkrt  I.  p.  2M  (lOaO). 

Speeimens  stored  in  moist  plaoe  ontd  teetad  at  an  of  28  daya. 

See  teit  for  eiplanatioa  of  fineness  moduhis,  sortaee  area,  and  surfaoe  moduhis. 

Cooerete  Tests. 


Unit  Weight, 
lb.  per  CO.  ft. 


Yield. 


Density. 


Void- 
Cement 
Rntio. 


GompressiTe 

Strength, 
tb.pcrsq.in. 


Fiionfiaa  MonuLua  or  Aoorboatb,  3.82;  SunPAcn  Arai,  1720: 

BxmrAcn  Modulub,  12.6. 

1:7 

81.6 

0.80 

1.20 

125 

1.09 

0.687 

2.39 

490 

0.90 

1.37 

127 

1.06 

0.092 

2.31 

460 

1.00 

1.40 

0 

131 

1.06 

0.708 

2.18 

600 

1.10 

1.68 

136 

1.04 

0.720 

2.04 

510 

1.26 

1.00 

136 

1.05 

0.716 

2.11 

590 

1.60 

2.24 

... 

134 

1.06 

0.601 

2.39 

340 

1:6 

22.2 

0.80 

0.91 

127 

1.12 

0.094 

1.71 

1040 

0.00 

1.06 

..« 

129 

1.11 

0.700 

1.67 

700 

1.00 

1.14 

0.1 

134 

1.06 

0.719 

1.62 

1120 

1.10 

1.28 

... 

140 

1.05 

0.789 

1.37 

1010 

1.26 

1.46 

... 

137 

1.09 

0.713 

1.56 

930 

1.60 

1.70 

136 

1.12 

0.694 

1.71 

770 

l:3i 

15.8 

0.80 

0.71 

131 

1.16 

0.703 

1.21 

1630 

o.go 

0.82 

136 

1.13 

0.720 

1.11 

1440 

1.00 

0.89 

0.4 

140 

1.11 

0.735 

1.03 

2220 

1.10 

1.01 

... 

141 

1.11 

0.735 

1.03 

1760 

1.26 

1.16 

138 

1.16 

0.703 

1.21 

1280 

1.60 

1.33 

... 

139 

1.17 

0.700 

1.28 

1280 

FimNMS  Modulus  or  Aoomoatb.  4.50;  SuiVAcn  Aria.  1440;  Surpacb  Modulub,  10.5. 


1:7 

28.3 

0.80 

1.13 

136 

1.06 

0.744 

1.90 

860 

0.90 

1.31 

135 

1.07 

0.736 

1.98 

690 

1.00 

1.41 

0.1 

140 

1.04 

0.756 

1.76 

820 

1.10 

1.00 

143 

1.03 

0.761 

1.69 

640 

1.25 

1.82 

140 

1.07 

0.736 

1.98 

640 

1.50 

2.11 

140 

1.09 

0.720 

2.11 

390 

1:6 

20.2 

0.80 

0.86 

136 

1.10 

0.743 

1.41 

1610 

0.90 

1.00 

138 

1.10 

0.746 

1.40 

1170 

1.00 

1.07 

142 

1.07 

0.762 

1.27 

1800 

1.10 

1.22 

142 

1.09 

0.753 

1.35 

1300 

1.25 

1.40 

141 

1.11 

0.736 

1.46 

1170 

1.60 

1.61 

141 

1.13 

0.726 

1.66 

860 

l:8i 

14.2 

0.80 

0.67 

136 

1.17 

0.735 

1.08 

2030 

0.90 

0.79 

144 

1.12 

0.768 

0.91 

2180 

1.00 

0.84 

0.8 

144 

1.12 

0.764 

0.93 

3600 

1.10 

0.96 

143 

1.15 

0.746 

1.02 

2170 

1.25 

1.10 

142 

1.17 

0.733 

1.09 

1780 

1.50 

1.26 

144 

1.18 

0.730 

1.12 

1420 

*Squars  inches  of  aggregate  per  gram  of  eement 
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Table  XX. — Comprbssion  Tests  of  Concrbtb— (Conttntied). 


Mix  by 
Volume. 


Surfaoe 
Area.^ 


Rdative 
Goont- 
eney. 


Wftter 
B*tio. 


OoDorate  Tests. 


Shimp, 
in. 


UniftWdghft. 
lb.  per  oa.  ft. 


Tidd. 


Density. 


Void- 
Oement 
Rntio. 


Strength, 
lb.  per  sq.  in. 


FiNBNBBs  Modulus  or  AoomEOAra,  5J0;  Subfaob  Arba.  1040; 

SuRTAOi  Modulus.  7.6. 

1:7 

21.5 

0.80 

1.00 

144 

1.03 

0.787 

1.54 

1500 

o.go 

1.17 

146 

1.03 

0.787 

1.54 

1210 

1.00 

1.24 

146 

1.03 

0.787 

1.54 

1260 

1.10 

1.43 

146 

1.04 

0.780 

1.61 

920 

1.25 

1.62 

145 

1.06 

0.765 

1.74 

760 

1.50 

1.87 

145 

1.06 

0.751 

1.88 

570 

1:5 

15.3 

0.80 

0.75 

144 

1.07 

0.784 

1.15 

2130 

0.90 

0.00 

149 

1.05 

0.800 

1.05 

1940 

1.00 

0.96 

0.3 

149 

1.05 

0.800 

1.05 

2460 

1.10 

1.10 

148 

1.07 

0.784 

1.15 

1640 

1.25 

1.25 

146 

1.10 

0.762 

1.31 

920 

1.50 

1.43 

148 

1.10 

0.762 

1.31 

1060 

l:3j 

10.7 

0.80 

0.60 

143 

1.14 

0.772 

0.91 

2650 

O.go 

0.71 

148 

1.12 

0.786 

0.84 

2700 

1.00 

0.75 

0.2 

150 

1.11 

0.794 

0.80 

4150 

1.10 

0.87 

149 

1.13 

0.780 

0.87 

2270 

1.25 

0.99 

148 

1.15 

0.766. 

0.94 

1800 

1.60 

1.13 

148 

1.17 

0753 

1.01 

1460 

FiNKNSss  Modulus  or  AooiaoAn.  5.75;  Burtacs  Abba,  920;  Subtaci  Modulus.  6.7. 


1:7 

19.0 

0.80 

0.96 

144 

1.03 

0.785 

1.55 

1520 

0.90 

1.12 

147 

1.01 

0.800 

1.41 

1310 

1.00 

1.19 

0.4 

149 

1.01 

0.800 

1.41 

1290 

1.10 

1.87 

148 

1.02 

0.788 

1.52 

710 

1.25 

1.55 

... 

146 

1.05 

0.760 

1.70 

880 

1.50 

1.79 

... 

146 

1.06 

0.762 

1.77 

610 

1:5 

13.6 

0.80 

0.73 

145 

1.06 

0.788 

1.12 

2340 

0.90 

0.86 

OS 

148 

1.05 

0.797 

1.07 

1800 

1.00 

0.92 

0.6 

151 

1.03 

0.811 

0.97 

2270 

1.10 

1.06 

0.3 

149 

1.06 

0.789 

1.12 

1430 

1.26 

1.20 

0.6 

148 

1.06 

0.774 

1.22 

1050 

1.50 

1.37 

4.9 

148 

1.09 

0.767 

1.27 

1010 

l:3j 

9.6 

0.80 

0.58 

... 

142 

1.15 

0.763 

0.96 

2330 

0.90 

0.60 

149 

l.U 

0.791 

0.81 

8800 

1.00 

0.82 

0.4 

151 

1.11 

0.791 

0.81 

4650 

1.10 

0.84 

149 

1.13 

0.777 

0.88 

2180 

1.25 

0.96 

148 

1.15 

0.763 

0.96 

1600 

1.60 

1.09 

... 

150 

1.16 

0.763 

0.96 

1490 

■Square  faiflfaci  e(  tgp«|Bto  per  gnm  of  eemeni 
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Tablb  XX. — CoiiPRBssioN  Tbsts  or  Concrbtb— (CmMiimiaO. 


Mhby 


Ani.> 


Rdfttir* 


Wftl« 


OooantoTML 


UnitWfliglii, 
IbuperoiLft. 


Yield. 


Dttuity. 


Cement 
Batio. 


Ib.pereq.iii. 


FnmnM  Modulus  or  AomaOAn,  6.00;  8usrAoi  Abia.  700;  Subtacb  Modului,  5.0. 


1:7 

15.8 

0.80 

0.01 

145 

1.02 

0.700 

1.50 

1500 

0.00 

1.07 

148 

1.01 

0.708 

1.48 

1400 

1.00 

l.U 

0 

150 

1.00 

0.800 

1.86 

1870 

1.10 

1.80 

... 

140 

1.01 

0.708 

1.48 

000 

1.25 

1.48 

... 

147 

1.04 

0.776 

1.04 

OOO 

1.50 

1.70 

... 

140 

1.00 

0.700 

1.78 

000 

1:1 

11.8 

0.80 

0.70 

140 

1.05 

0.708 

1.00 

2830 

0.00 

0.88 

.. . 

160 

1.08 

0.800 

0.08 

1040 

1.00 

0.88 

0.5 

152 

1.02 

0.817 

0.08 

2000 

1.10 

1.01 

... 

150 

1.05 

0.705 

1.08 

1640 

1.86 

1.15 

... 

148 

1.08 

0.772 

1.28 

1000 

1.50 

1.81 

... 

148 

1.00 

0.705 

1.28 

1020 

l:Si 

7.8 

0.80 

0.56 

142 

1.15 

0.700 

0.07 

2000 

0.00 

0.00 

... 

160 

1.10 

0.705 

0.70 

8800 

1.00 

0.08 

0.8 

151 

1.00 

0.802 

0.75 

4250 

1.10 

0.81 

, , 

000 

1.18 

0.781 

0.88 

8400 

1.85 

0.02 

... 

140 

1.14 

0.707 

0.08 

1510 

1.60 

1.0« 

... 

150 

1.14 

0.707 

0.08 

1880 

rnnin 

M  Modulus  or  AMUOAn,  0.25;  Suwagb  Anut,  050; 

1:7 

13.8 

0.80 

0.85 

144 

1.00 

0.784 

1.58 

1000 

0.00 

1.00 

148 

0.00 

O.80O 

1.80 

1480 

1.00 

1.06 

...* 

140 

0.08 

0.810 

1.80 

1250 

1.10 

1.22 

... 

ISO 

0.08 

0.810 

1.30 

1060 

1.25 

1.38 

... 

147 

4.01 

0.782 

1.54 

880 

1.50 

1.60 

... 

147 

1.02 

0.775 

1.61 

700 

1:5 

0.5 

0.80 

0.00 

145 

1.04 

0.788 

1.10 

1060 

0.00 

0.78 

... 

150 

1.08 

0.808 

1.01 

2070 

1.00 

0.82 

0.4 

151 

1.01 

0.811 

0.05 

2440 

1.10 

0.06 

... 

150 

1.08 

0.706 

i.oe 

1440 

1.25 

1.08 

... 

151 

1.04 

0.788 

1.10 

1040 

1.50 

1.28 

151 

1.05 

0.780 

1.16 

1000 

I:«J 

0.0 

0.80 

0.53 

140 

1.14 

0.754 

0.08 

1640 

0.00 

0.63 

151 

1.07 

0.803 

0.74 

8870 

1.00 

0.60 

0.0 

153 

1.00 

0.812 

0.70 

4100 

1.10 

0.77 

150 

1.10 

0.782 

0.84 

8110 

1.25 

0.08 

150 

1.11 

0.775 

0.88 

1580 

1.50 

0.00 

ISO 

1.12 

0.768 

0.01 

1820 

^BqnifD  iaekee  of  aoregMc  ] 
sMalerW  Ml  tptn  before  1 
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Table  XX. — Compression  Tests  of  Concrete — (Continued). 


Mix  by 


SorfMe 


VohiBU.    Ar«.^ 


Couiit- 


Wftter 
Ratio. 


Cooflrete  Twta. 


Slump, 


srs?K  ^•-<'- 


Density. 


Void- 
CflOMnt 
RaUo. 


lb.  per  iq.  in. 


FnnNiw  Modulus  or  Aoobsoati.  0.50;  Surtaci  Abba,  640; 

1:7 

10.8 

0.80 

0.79 

160 

0.94 

0.818 

1.20 

1400 

0.90 

0.92 

140 

0.97 

0.792 

1.41 

1390 

1.00 

0.08 

..  .■ 

150 

0.96 

0.810 

1.26 

1110 

1.10 

1.13 

150 

0.97 

0.793 

1.41 

920 

1.26 

1.29 

140 

1.00 

0.789 

1.02 

890 

1.60 

1.48 

148 

1.00 

0.709 

1.02 

820 

1:6 

7.7 

0.80 

0.02 

141 

1.04 

0.705 

1.22 

1700 

0.90 

0.73 

160 

0.99 

0.806 

0.97 

2160 

1.00 

0.77 

160 

1.00 

0.797 

1.01 

2120 

1.10 

0.89 

161 

1.00 

0.797 

1.01 

1600 

1.26 

1.01 

149 

1.02 

0.780 

1.12 

1120 

1.60 

1.16 

160 

1.03 

0.778 

1.17 

1060 

1:8.« 

6.4 

0.80 

0.60 

140 

1.12 

0.747 

0.99 

1790 

0.90 

.    0.00 

161 

1.05 

0.800 

0.74 

2900 

1.00 

0.63 

152 

1.06 

0.708 

0.74 

3930 

1.10 

0.73 

150 

1.07 

0.782 

0.82 

2030 

1.26 

0.82 

160 

1.08 

o.no 

0.86 

1260 

1.80 

0.94 

150 

1.10 

0.702 

0.92 

1320 

« Mfttwinl  f«U  Bpnrt 
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REPORT  OF  COMMITTEE  C-10 

ON 

HOLLOW  BUILDING  TILE. 

The  work  that  has  occupied  Committee  C-10  since  the  last 
annual  meeting  of  the  Society  is  that  connected  with  the  revision  of 
the  Tentative  Definitions  of  Terms  relating  to  Hollow  Building  Tile 
(C  43  -  21  T),  the  revision  or  change  of  status  of  the  Tentative  Speci- 
fications for  Clay  Hollow  Building  Tile  (C  34  -  21  T),  and  new  work 
on  the  preparation. of  specifications  for  fireproofing. 

The  committee  received  a  conmiunication  from  Committee  E-8 
on  Nomenclature  and  Definitions,  containing  some  constructive  sug- 
gestions as  to  changes  in  the  Tentative  Definitions  of  Terms  Relating 
to  Hollow  Tile  (C  43  -  21  T),  to  reconcile  them  with  the  principles 
that  are  now  being  followed  by  Conunittee  E-8  in  placing  the  defini- 
tions of  the  Society  on  a  uniform  basis.  Committee  C-10  has  given 
consideration  to  the  suggestions  of  Committee  E-8  and  in  most 
instances  has  accepted  them.  It  has  made  some  additional  revisions 
and  has  reworded  its  definitions  accordingly,  placing  them  in  the  hands 
of  Committee  E-8  for  further  action.  An  exception  should  be  noted, 
however,  in  the  case  of  the  definitions  for  shale,  surface  clay  and  fire- 
clay on  account  of  these  having  been  referred  by  Committee  E-8  to 
a  special  sub-conunittee. 

Conmiittee  C-10  reconmiends  that  the  Tentative  Specifications 
for  Clay  Hollow  Building  Tile  (C  34-21  T)  accepted  as  tentative 
last  year,  remain  tentative  without  change.  It  was  decided  that 
inasmuch  as  any  revisions  which  may  be  recommended  will  be  based, 
in  a  large  measure,  on  the  results  of  the  cooperative  investigation  of 
the  properties  of  hollow  tile,  with  special  reference  to  fire  resistance, 
that  is  being  carried  on  at  the  Bureau  of  Standards,  the  revisions 
should  not  be  made  until  the  data  from  portions  of  this  investigation 
which  are  nearing  completion  are  available. 

At  the  first  meeting  of  the  coinmittee,  a  sub-conmiittee  to  be 
known  as  Sub-Committee  VI  on  Fireproofing  was  appointed^to  draft 
specifications  for  fireproofing.  The  sub-conmiittee  has  kept  in  touch 
with  the  progress  of  the  cooperative  investigation  referred  to  and 
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recommends  that  the  drafting  of  specifications  for  fireproofing  be 
postponed  until  additional  test  data  are  available. 

This  report  has  been  submitted  to  letter  ballot  of  the  committee, 
which  consists  of  14  members,  of  whom  12  have  voted  affirmatively, 
none  negatively,  and  2  have  refrained  from  voting. 

Respectfully  submitted  on  behalf  of  the  committee. 

W.  A.  Hull, 
Chairman. 
C.  C.  Crockatt, 
SecreUiry. 
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REPORT  OF  COMMITTEE  C-ll 

ON 

GYPSUM, 

The  schedule  of  three  meetings  a  year,  to  which  this  committee 
is  new  working,  has  proven  so  satisfactory  that  it  is  thought  worth 
while  to  bring  it  to  the  attention  of  the  Society.  At  the  meeting 
held  in  connection  with  the  annual  meeting  of  the  Society,  plans  for  the 
next  year's  work  are  laid.  The  second  meeting,  in  October,  is  for 
the  purpose  of  considering  preliminary  reports  and  suggesting  changes 
in  the  program.  At  the  third  meeting,  in  March,  final  reports  are 
received  and  conclusions  adopted. 

The  substance  of  this  report  is  a  sufficient  indication  that  the 
committee  has  been  extremely  active.  Three  new  members  have  been 
added  during  the  year,  and  a  new  sub-committee,  on  the  fire-resistive 
properties  of  gypsimi  products,  has  been  organized.  Owing  to  the 
interlocking  membership,  it  is  believed  that  this  sub-committee  will 
cooperate  closely  with  Committee  C-5  on  Fireproofing. 

As  to  the  various  tentative  specifications  over  which  this  com- 
mittee has  jurisdiction,  it  recommends  that  the  Society  take  action 
as  indicated: 

TefUaHve  SpecificaHons  for  Gypsum  (C  ««-«i  r).»— The  com- 
mittee recommends  that  these  specifications  be  revised  as  follows: 

*^ Section  *.  (c). — Change  to  read  as  follows  by  the  insertion  of 
the  italicized  words  and  figures  and  the  omission  of  the  words  and 
figures  in  brackets: 

''No  material  may  be  considered  gypsum  within  the  meaning  of  these 
specifications  which  contains  [more]  less  than  [35.5]  64.5  per  cent  by  weight  of 
(impurities]  CaS0i'2H%0:' 

Section  S. — Change  Paragraph  (b)  from  its  present  form:  namely, 

^'Crushed. — ^Run-of-mine  gypsum  further  reduced  to  sizes  suitable  for 
specific  uses.  Crushed  gypsum  may  be  marketed  in  either  of  the  following  sizes: 

''No.  1. — ^Material  of  this  siase  shall  all  pass  through  a  3-in.  (7.6-cni.)  ring; 
not  inore  than  30  per  cent  shall  pass  through  a  lOQ-mesh  screen^  and  not  less 
than  40  per  cent  shall  be  retained  on  a  A-in.  (0.469-cm.)  or  equal  mesh  screen. 

"No.  2. — Material  of  this  siase  shall  pass  through  a  2-in.  (5.08-cm.)  ring; 
not  mofe  than  30  per  cent  shall  pass  through  a  100-mesh  screen,  and  not  less 
than  10  per  cent  shall  be  retained  on  a  A-in.  (0.469-cm.)  or  equal  mesh  screen." 

>  FrocHMmtt,  Am.  Soc.  Test.  Mtts..  Vol.  21.  p.  553  (1921). 
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to  read  as  follows: 

^'Crushed, — ^Run-of-mine  gypsum  further  reduced  so  that  all  of  it  will  pass 
through  a  2-m.  (50.8  mm.)  ring,  and  not  less  than  10  per  cent  shall  be  retained 
on  a  No.  3  sieve." 

Insert  a  new  Paragraph  (c)  to  read  as  follows: 
"(c)  Crushed  GypsuMj  Sited. — Shall  all  pass  a  No.  3  sieve,  and  not  less 
than  10  per  cent  shall  be  retained  on  a  No.  8  sieve." 

Change  the  present  Paragraph  (c)  to  Paragraph  (d). 

Section  6. — Change  to  read  as  follows  by  the  insertion  of  the 
italicized  words: 

"When  gypsum  is  shipped  in  bulk,  samples  of  about  5  lb.  (2.25  kg.)  each 
shall  be  taken  at  r^;ular  intervals  during  the  complete  loading  or  unloading 
of  the  carrier,  in  such  a  way  as  to  acctunulate  at  least  200  lb.  (90 1^.)  of  material, 
and  to  represent  correctly  U^e  percentages  of  both  the  coarse  particles  and  the  fines 
in  the  shipment.  This  shall  be  broken  so  that  it  will  all  pass  a  1-in.  (25-mm.) 
ring,  thoroughly  mixed,  and  reduced  by  quartering  to  provide  not  less  than  a 
1-lb.  (0.5-1^.)  sample  for  the  laboratory." 

The  committee  reconmiends  that  the  tentative  specifications 
as  revised  be  continued  as  tentative,  the  letter  ballot  vote  of  the 
committee  on  this  recommendation  being  as  follows:  Affirmative,  26; 
negative,  1;  not  voting,  7. 

TenUUive  Specifications  for  Calcined  Gypsum  (C  tS-Sl  T).^— 
The  conunittee  reconmiends  that  these  specifications  be  revised  as 
follows: 

Section  4  {h). — Omit  this  paragraph  reading  as  follows: 

"Calcined  gypsum  for  molding  or  casting  shall  all  pass  a  14-mesh  sieve 
and  not  less  than  75  per  cent  of  it  shall  pass  a  lOO-mesh  sieve." 

Sections  5  and  6. — Omit  these  sections  relating  to  color  and  plas- 
ticity, respectively,  both  reading  as  follows: 

"Spedfications  to  be  supplied  by  the  committee  when  the  information  is 
available." 

Add  a  footnote  to  read  as  follows: 

"Specifications  for  the  color  and  plasticity  of  calcined  gypsum  will  be 
supplied  when  the  information  is  available." 

The  conunittee  recommends  that  with  these  revisions  the  speci- 
fications be  adopted  as  standard,  the  letter  ballot  vote  on  this  recom- 
mendation being  as  follows:  Affirmative,  23;  negative,  2;  not 
voting,  9. 

Tentative  Specifications  for  Gypsum  Plastering  Sand  (C  SS  -SI  T). 
—The  conunittee  recommends  that  these  specifications  be  continued 
as  tentative  without  revision. 

I  Pfotmdimt$,  Am.  8oe.  Tart.  Matf .,  Vol.  21.  p*  5S6  (1931). 
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Tentative  Specifications  for  Gypsum  Wall  Board  (C  36  -  £1  T).^— 
As  a  result  of  an  intensive  study  of  gypsum  wall  board  during  the 
year,  many  changes  in  the  specifications  for  this  material  have  been 
found  desirable.  The  Tentative  Specifications  for  G)rpsum  Wall 
Board  have  accordingly  been  rewritten  and  are  appended  hereto  in 
their  proposed  revised  form.*  The  committee  recommends  that  the 
specifications,  as  rewritten,  be  accepted  for  publication  to  replace 
the  present  tentative  specifications  for  gypsum  wall  board.  The  letter 
ballot  vote  of  the  committee  on  this  recommendation  is  as  follows: 
Affirmative,  26;  negative,  0;  not  voting,  8. 

Tentative  Specifications  for  Gypsum  Plaster  Board  (C  37  -  21  T).' 
— ^As  a  result  of  an  intensive  study  of  gypsum  plaster  board  during 
the  year,  many  changes. in  the  specifications  for  this  material  have 
been  found  desirable.  The  Tentative  Specifications  for  Gypsum 
Plaster  Board  have  accordingly  been  rewritten  and  are  appended  hereto 
in  their  proposed  revised  form.*  The  committee  reconmiends  that 
the  specifications,  as  rewritten,  be  accepted  for  publication  to  replace 
the  present  tentative  specifications  for  gypsum  plaster  board.  The 
letter  ballot  vote  of  the  committee  on  this  recommendation  is  as  follows. 
Affirmative,  26;  negative,  0;  not  voting,  8. 

Tentative  Methods  of  Testing  Gypsum  and  Gypsum  Products 
(C  26-21  r).— While  certain  changes  in  a  few  of  these  methods 
seem  to  be  desirable,  no  action  has  as  yet  been  decided  upon,  and 
the  methods  are  now  under  the  jurisdiction  of  Committee  E-1  on 
Methods  of  Testing.  For  these  reasons  it  is  recommended  that  they 
be  continued,  without  change,  as  tentative  for  another  year. 

Tentative  Definitions  of  Terms  Relating  to  the  Gypsum  Industry 
(C  11-21  r).* — At  the  recommendation  of  Committee  E-8,  it  is 
desired  that  some  of  these  terms  be  withdrawn,  and  others  be  reworded. 
One  new  definition,  f6r  the  term  "lath/'  should  be  added.  A  revised 
list  of  these  definitions  is  appended  hereto,*  and  it  is  recommended 
that  these  definitions  be  accepted  for  publication  as  tentative  to  replace 
the  present  Tentative  Definitions.  The  vote  of  the  committee  is  as 
follows:  Affirmative,  27;  negative,  0;  not  voting,  7. 

Besides  the  work  indicated  by  the  above  conclusions,  much 
experimental  work  has  been  done  during  the  year  and  is  still  in  active 
progress.     This  includes  the  study  of  such  subjects  as  the  value  of 

>  Procudings,  Am.  Soc.  Test.  Mats..  Vol.  21.  p.  560  (1921). 
•Seep.  710.~Bd. 
•  Proceedings,  Am.  Soc.  Test.  Mats..  VoL  21,  p.  562  (1921). 
<Seep.  712.— Ed. 

*  Proceedings,  Am.  Soc.  Test.  Mats..  Vol.  21.  p.  600  (1921). 
•Seep.  732.— Bo. 
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anhydrite  as  a  retarcler  for  portland  cement,  the  adhesion  of  gypsum 
plaster  to  concrete,  development  of  a  chemical  method  for  the  deter- 
mination of  anhydrite  in  gypsimi,  improvements  in  the  apparatus  for 
making  the  slump  test  for  consistency,  and  further  information  about 
the  characteristics  of  good  plastering  sand. 

Subjects  which  have  been  and  still  are  matters  for  discussion 
rather  than  experiment  include  the  requirement  as  to  sizes  of  crushed 
gypsum,  the  requirement  as  to  purity  of  g)rpsum,  methods  of  test  for 
the  color  and  the  plasticity  of  calcined  gypsum,  method  for  the 
determination  of  SO3  in  gjrpsum,  and  the  utilization  of  the  microscope 
in  the  examination  of  gypsum  products. 

Work  which  has  recently  been  started  includes  the  development 
of  specifications  for  gypsum  tile,  development  of  information  about 
the  acoustical  properties  of  gypsum  plaster  and  the  fire-resistive 
properties  of  all  g)rpsum  products,  and  development  of  the  data 
necessary  for  the  design  of  reinforced  gypsum  roofs  and  floors. 

This  report  has  been  submitted  to  letter  ballot  of  the  committee, 
which  consists  of  34  members,  of  whom  28  have  voted  affirmatively, 
none  negatively,  and  6  have  refrained  from  voting. 

Respectfully  .submitted  on  behalf  of  the  committee, 

W.  E.  Emley, 
V.  G.  Marani,  Chairman. 

Secretary. 


Editorial  Note. 


The  Tentative  Specifications  for  Calcined  Gypsum  amended  as 
indicated  in  this  report  were  approved  at  the  annual  meeting  and 
subsequently  adopted  as  standard  by  letter  ballot  of  the  Society  on 
August  25,  1922,  and  appear  in  the  supplementary  pamphlet  of 
A.S.T.M.  Standards  Adopted  in  1922. 

The  proposed  revisions  of  the  Tentative  Specifications  for  Gyp- 
sum, of  tie  Tentative  Specifications  for  Gypsum  Wall  Board  and  of 
the  Tentative  Specifications  for  Gypsum  Plaster  Board  referred  to 
in  this  report  were  accepted.  The  specifications  as  thus  revised  appear 
on  pages  707-714.  The  proposed  revisions  of  the  Tentative  Defini- 
tions of  Terms  Relating  to  Gypsum  were  accepted.  The  definitions 
as  thus  revised  appear  on  page  732. 

A  paper  by  J.  M.  Porter  on  "Gypsum  Plaster  and  Wall  Boards" 
was  accepted  at  the  annual  meeting  for  publication  as  an  appendix 
to  this  report  and  appears  on  page  35a. 
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APPENDIX. 

GYPSUM  PLASTER  AND  WALL  BOARDS. 
By  J.  Miller  Porter.^ 

Gypsum  plaster  board  may  be  defined  as  a  lath  or  backing  for 
plaster  or  stucco.  It  consists  essentially  of  one  or  more  layers  of 
gypsum  plaster  and  alternate  layers  of  a  fibrous  material,  such  as 
chip  or  news  stock.  The  gypsum  plaster  contains  varying  amounts 
of  finely  chipped  wood,  fiber  or  a  similar  material.  The  filler  of  chip 
or  fiber  acts  to  reduce  the  brittleness  and  hence  the  plaster  boards 
may  be  nailed  directly  to  the  supports.  The  majority  of  gypsum 
plaster  boards  consist  of  only  one  layer  of  plaster  between  two  layers 
of  news  stock,  or  similar  material,  though  there  are  several  manu- 
facturers of  the  multi-ply  board.  The  nominal  thickness  of  plaster 
boards  ranges  from  ^  to  §  in.  The  width  is  usually  32  in.  and  the 
length  36  in.  The  surfaces  of  the  boards  are  left  rough  and  the  finish 
is  not  sized  so  as  to  give  a  good  bond  for  the  application  of  the 
plaster  or  stucco. 

Gypsum  wall  boards  may  be  defined  as  boards  which  are  attached 
to  the  structural  supporting  members  and  constitute  a  finished  surface 
which  may  be  further  decorated  but  should  not  be  plastered. 

Gypsum  wall  board  is  very  similar  in  construction  to  gypsum 
plaster  board  in  that  it  contains  a  layer  of  hydrated  calcined  gypsum 
between  two  layers  of  a  fibrous  material.  ,  In  view  of  the  fact  that 
wall  board  is  intended  to  be  used  as  the  finished  wall,  one  side  of  the 
board  is  sized  and  is  smooth.  For  the  same  reason  that  chip,  fiber, 
etc.,  are  used  in  plaster  board,  are  they  also  used  in  wall  board.  It 
is  made  in  widths  varying  from  32  to  48  in.  and  the  thickness  is  |  in. 
The  lengths  are  usually  specified  and  depend  upon  the  dimensions  of 
the  room  in  which  it  is  to  be  used.  On  walls  it  is  erected  in  vertical 
strips  and  horizontal  joints  are  thereby  eliminated.  The  joints  may 
be  covered  in  several  ways.  The  most  generally  used  methods  are, 
first,  by  covering  without  any  further  treatment  with  wooden  strips 
so  as  to  give  a  paneled  effect,  or  by  the  use  of  gummed  paper  strips 
of  the  same  color  as  the  wall  board  itself;  or,  second,  when  the  joints 
are  butted,  by  concealing  them  with  plastic  material  furnished  by  the 
manufacturer  and  applied  with  a  decorator's  putty  knife,  and  when 

1  ClMmical  Engineer,  Gypsum  Indtutries  AMOciation. 
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the  joints  are  open  by  filling  the  space  with  plaster.  Jobts  concealed 
or  filled  in  the  manner  described  are  visible  only  upon  the  closest 
inspection,  and  can  not  be  located  if  the  wall  boards  receive  further 
decoration  or  are  subsequently  covered  with  wall  paper.  Wall  boards 
designed  to  be  erected  with  open  joints  that  are  to  be  filled  with  plaster 
have  rounded  edges  so  as  to  provide  a  key  or  clinch  for  the  filling. 

The  data  for  this  article  were  obtained  from  boards  submitted 
to  the  U.  S.  Bureau  of  Standards  by  the  different  manufacturers. 
About  90  per  cent  of  the  manufacturers  were  represented  by  the 
samples  submitted.  At  least  five  specimens  of  each  size  and  brand 
were  tested  to  obtain  an  average. 

The  measurements  that  were  made  on  both  the  wall  and  plaster 
boards  were  weight  per  unit  area,  necessary  dimensions  and  strength. 

As  length  and  width  would  in  themselves  be  taken  care  of  by  the 
method  of  manufacture,  the  only  dimension  that  need  be  considered 
in  detail  would  be  thickness.  In  order  to  arrive  at  any  definite  con- 
clusion, each  board  was  measured  at  five  different  places:  the  center 
and  at  a  point  2  in.  from  each  comer  along  the  diagonals.  These 
measurements  were  made  to  the  nearest  0.001  in.  and  from  these  we 
were  able  to  study  the  local  variations  in  each  board  and  also  to  con- 
sider the  average  thicknesses. 

In  determining  the  weight  of  both  plaster  and  wall  boards,  each 
board  was  weighed  separately  and  then  the  weight  per  thousand 
square  feet  calculated  from  this. 

Several  methods  for  strength  were  considered  but  it  was  finally 
decided  that  the  best  method  was  to  take  24  by  12-in.  samples  sup- 
ported on  knife  edges  20  in.  on  centers  and  the  load  applied  to  the 
sample  through  two  knife  edges  8  in.  from  each  supporting  knife  edge, 
at  a  rate  of  25  to  30  lb.  per  minute..  The  reason  for  adopting  two  knife 
edges  rather  than  one  was  that  in  using  only  one  there  was  very  little 
if  any  room  for  the  paper  to  pull  away  from  the  core  even  though  the 
tendency  was  there.  Using  two,  this  can  result  if  there  is  cause  and 
it  can  be  noted  if  it  does  happen.  Attention  might  be  called  to  the 
fact  that  the  method  of  testing  by  the  use  of  two  knife  edges,  while 
not  that  recommended  by  Conmiittee  C-11,  as  far  as  stresses  set  up 
in  the  board  are  involved,  is  the  same,  and  was  used  only  in  prefer- 
ence to  one  knife  edge  so  that  the  method  of  failure  may  be  noted 
more  definitely. 

It  was  soon  realized  that  the  strength  of  the  boards  is  very  much 
affected  by  the  direction  in  which  the  strength  was  measured,  that  is, 
whether  the  knife  edges  were  parallel  or  across  the  grain  of  the  fiber 
surface.  This  at  once  brought  up  the  question,  "What  effect  does 
the  surface  have  on  the  strength  of  the  hodLtd?  "    It  was  obvious  that 
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it  must  have  a  very  marked  effect,  especially  when  it  was  noted  that 
the'  strength  in  the  two  directions  of  the  fiber  used  as  surface  was 
almost  exactly  proportional  to  the  strength  of  the  board  in  the  two 
directions.   ' 
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Fig.  I.— Percentage  of  Number  of  Boards  Varying  from  Average  Thickness. 

Observations  in  certain  of  the  tests  indicate  that  the  gypsum 
does  crack  before  the  maximum  load  is  reached  and  that  the  strength 
of  the  board  therefore  depends  ahnost  entirely  upon  the  strength  of 
the  surfacing  material.  )|The  modulus  of  rupture  is  the  tensile  strength 
which  (as  determined  by  calculation)  the  surfacing  material  would 
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be  required  to  have  per  inch  of  width  in  order  to  carry  the  maximum 
load  if  the  gypsum  between  th^  layers  of  the  material  were  to  fail  by 
cracking  before  the  maximum  load  is  reached.     If  this  conclusion  is 

Perc€nf  liqhHr  Hian  :  o 
»'    »»    heavier    »»     «  x 


i 


JS 


fOO 


^    80 


60 


40 


20 


o 
o 


2s= 


o 
o 


8 


o 
o 


WeigM  in  lb.  per  1000  $q.f^ 
^       (a.)  ^     (b.) 

i  Plaster  Board.  -^  Plasfer Board. 


(e.) 
f'Wall  Board. 


J 


s     s 


s 

o 

CM 


§  s 


\ 

/" 

\ 

I 

i\ 

If  , 

Jl 

\ 

s 


8 

CO 


8 


CM     cvi 

Weight  in  lb.  per  1000  sq.ft.  • 

I  Plaster  Board.  ^  Plaster. Board. 

Fig.  2. — Percentage  of  Number  of  Boards  Lighter  Than  or  Heavier  Than  Weight 

Indicated. 

correct,  the  modulus  of  rupture  should  be  the  same  in  the  same  direc- 
tion for  boards  of  varying  thicknesses,  provided  the  quality  of  the 
surface  is  the  same.  Due  to  the  fact  that  the  surfacing  material  of 
the  different  boards  varies  so  much  in  strength  and  that  the  boards 
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themselves  vary  as  the  surfaces,  we  readily  see  that  we  could  not 
expect  the  modulus  of  rupture  to  be  any  more  constant  than  the 
surfaces. 

The  results  of  the  tests  are  best  shown  graphically.  If  we  plot 
the  percentages  of  the  number  of  boards  as  ordinates  and  the  weight 
or  thickness  of  boards  as  abcissas  we  will  have  curves  which  very 
clearly  show  the  nimiber  of  boards  which  will  come  within  and  which 
will  be  eliminated  by  the  Tentative  Specifications  for  Gypsiun  Wall 
Board  (C  36  -  22  T),  and  for  Gypsum  Plaster  Board  (C  37  -  22  T).* 

Fig.  1(a)  shows  that  there  is  very  little  variation  in  the  thickness 
of  the  i-in.  plaster  boards.  Fig.  2(a)  shows  the  proportion  of  i-in. 
boards  that  have  been  found  to  come  within  the  specifications  in 
respect  to  weight.  Figs.  1(c)  and  2(c)  show  the  same  for  |-in,  plaster 
board,  Figs.  l(b)  and  2(b)  for  i|^-in.  plaster  board,  and  Figs.  l{d)  and 
2(d)  show  the  variation  of  §-in.  plaster  board. 

Figs.  l(e)  and  2{e)  show  the  variation  of  thickness  and  weight, 
respectively,  of  f-in.  wall  board. 

In  Table  I,  all  of  the  results  of  the  many  tests  have  been  summa- 
rized into  as  few  figures  as  deemed  necessary.  Column  No.  1  does  not 
refer  to  a  single  board  but  each  number  indicates  a  series  of  similar 
boards  from  the  same  manufacturer.  Column  No.  2  is  the  average 
thickness  of  all  the  boards  in  the  series,  using  five  points  on  each 
board  at  which  its  thickness  was  measured.  Columns  No.  3  and  4 
are  the  mayimum  and  average  variation  from  the  average  thickness. 
Columns  Nos.  5  and  6  give  the  maximiun  and  average  variation  of 
an  individual  board  from  the  average  thickness  of  that  board.  For 
Columns  Nos.  5  and  6  the  board  was  selected  which  showed  the  largest 
variations  in  thickness  at  different  parts  of  the  board.  The  meaning 
of  the  rest  of  the  table  is  obvious  from  the  headings. 

The  results  of  these  tests  may  be  used  as  a  guide  in  suggesting 
revisions  of  the  tentative  specifications.  It  is  evident  that  the  multi- 
ply board,  as  far  as  the  specifications  cover,  has  no  special  advantages; 
in  fact,  the  tests  brought  out  the  result  that  the  three  weakest  boards 
were  multi-ply.  But  the  manufacturers  of  these  boards  do  not  claim 
more  strength  than  that  sufficient  for  a  plaster  board,  but  its  other 
advantages  that  they  do  claim,  such  as  toughness,  giving  a  better 
nail  hold,  and  a  better  board  acoustically,  could  not  be  brought  out 
in  the  scope  of  the  investigation. 

Acknowledgment  is  made  for  the  valuable  assistance  given  by 
Mr.  W.  E.  Emley  and  Mr.  W.  A.  Slater  of  the  U.  S.  Bureau  of 
Standards. 

>Smpp.  710aad  712. 
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REPORT  OF  COMMITTEE  D-1 
ON 

PRESERVATIVE  COATINGS  FOR  STRUCTURAL 
MATERIALS. 

Committee  D-1  on  Preservative  Coatings  for  Structural  Materials 
has  held  two  meetings  during  the  past  year.  At  the  first  meeting,  held 
in  Philadelphia  on  October  4,  1921,  twenty-five  members  were  present. 
Reports  were  received  from  most  of  the  standing  sub-committees  and 
plans  for  future  work  discussed.  On  April  4,  1922,  the  second  meeting 
of  the  committee  was  held  in  Philadelphia,  there  being  present  thirty- 
three  members,  while  excuses  were  received  from  thirty-two  others. 
The  committee  now  has  133  members,  a  gain  of  five  members  within 
the  past  year. 

The  committee,  largely  through  its  sub-committees,  has  been 
very  active  in  various  lines  of  work  in  regard  to  protective  coatings, 
as  a  result  of  which  a  number  of  revisions  in  present  standards  and 
tentative  standards  have  been  made,  and  a  number  of  new  tentative 
standards  have  been  proposed. 

Since  the  last  annual  meeting,  one  new  sub-committee  has  been 
appointed  and  is  designated  Sub-Committee  XXIV  on  Testing  of 
Paints  on  Various  Kinds  of  Ferrous  Metal.  The  members  of  Sub- 
Committee  XXIV  are  to  act  with  members  appointed  by  Committee 
A-5  on  Corrosion  of  Iron  and  Steel  as  a  joint  committee  to  test  painting 
on  various  kinds  of  ferrous  metal. 

Sub-Committee  III  on  Testing  of  Paint  Vehicles  has  done  some 
good  work  on  the  analysis  of  chia  oil,  rubberseed  oil,  sunflower-seed 
oil  and  tung  oil.  The  work  of  this  sub-committee  has  resulted  in 
proposed  Tentative  Specifications  for  Soya  Bean  Oil  and  for  Perilla 
Oil,  and  a  further  revision  of  the  present  Standard  Specifications  for 
Purity  of  Raw  Tung  Oil  (D  12  -  16). 

Sub-Committee  VIII  on  Methods  of  Analysis  of  Paint  Materials 
has  submitted  proposed  Tentative  Methods  of  Routine  Analysis  of 
Yellow  and  Orange  Pigments  Containing  Chromium  Compounds, 
Blue  Pigments,  and  Chrome  Green. 

Sub-Committee  IX  on  Varnish  has  done  a  large  amount  of 
excellent  work  on  tests  to  determine  varnish  characteristics. 

(364) 


Digitized  by 


Google 


On  Preservative  Coatings  for  Structural  Materials.    365 

Sub-Committee  XXII  on  Method  of  the  Application  of  Paint  by 
Spraying  has  done  a  large  amount  of  work  and  has  conducted  extensive 
tests  in  comparing  the  application  of  paint  with  brushes  and  with 
paint  spraying  machines  on  four  buildings  at  Bridgeville,  Pa.  The 
sub-committee  also  prepared  a  very  interesting  moving  picture  film 
showing  the  manner  in  which  the  tests  were  carried  out. 

Sub-Committee  XXIII  on  Anti-Fouling  Paints  has  carried  on  a 
series  of  tests  with  various  ship-bottom  paints.  These  tests  were 
made  by  exposing  various  ship-bottom  paints,  containing  different 
toxic  materials,  on  steel  panels  in  Raritan  Bay,  Perth  Amboy,  N.  J., 
and  in  the  bay  at  Charleston,  S.  C. 

Sub-Committee  XXIV,  the  joint  conMnittee  with  Committee 
A-5,  on  Testing  of  Paints  on  Various  Kinds  of  Ferrous  Metal,  has 
considered  testing  of  different  paints  on  various  kinds  of  ferrous  metal. 
The  joint  committee  has  outlined  tests  with  three  typical  ferrous 
metal  paints  on  pure  iron,  steel  containing  copper,  and  steel  free 
from  copper. 

Details  of  the  work  of  the  sub-committees  are  contained  in  the 
full  sub-committee  reports  which  are  a  part  of  this  report. 

This  report  has  been  submitted  to  letter  ballot  of  the  conwnittee, 
which  consists  of  133  members  from  whom  39  replies  were  received. 
The  vote  was  taken  on  each  section  of  the  report  with  the  following 
results: 

Not 
For.  Against.  Voting. 

General  Report 39  0  0 

Report  of  Sub-Committee  III  on  Testing  of  Paint  Vehicles, 

including  tentative  revisions  of  the  Standard  Specifications 

for  Purity  of  Raw  Tung  Oil  (D  12-16) 32  0  7 

Tentative  Specifications  for  Soya  Bean  Oil,  Raw  or  Refined.  32  0  7 

Tentative  Specifications  for  Perilla  Oil,  Raw  or  Refined. . .  31  0  8 
Report  of  Sub-Committee  VI  on  Definitions  of  Terms  Used  in 

Paint  Specifications,  including  revision  and  advancement  to 

standard  of  the  Tentative  Definitions: 

Size 32  0  7 

Varnish 33  0  6 

Enamel 33  0  6 

Filler 33  0  6 

Toner 32  0  7 

Lake 32  0  7 

Drying  Oil 33  0  6 

Semi- Drying  Oil 33  0  6 

Non-Drying  Oil 33  0  6 
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Not 
Fob.  Agaimst.  VonNc. 


Report  of  Sub-Committee  VIII  on  Methods  of  Analysis  of  Paint 
Materials,  including  Tentative  Methods  of  Analysis  of: 
Yellow  and  Orange  Pigment  oontaining  Chromium  Com- 
pounds      34        0  5 

Blue  Pigments 34        0  5 

Chrome  Green 34        0  5 

Report  of  Sub-Committee  IX  on  Varnish 30        0  9 

Report  of  Sub-Committee  XIV  on  Preparation  of  Iron  and 

Steel  Surfaces  for  Painting 33        0  6 

Report  of  Sub-Committee  XXI  on  Specifications  for  the  Funda- 
mental Requirements  of  Paint  for  Specific  Purposes 30        0  9 

Report  of  Sub-Committee  XXII  on  Method  of  the  Application 

of  Paint  by  Spfaying 35        0  4 

Report  of  Sub-Committee  XXIII  on  Anti-Pouling  Paints 36        0  3 

Respectfully  submitted  on  behalf  of  the  committee, 

Allen  Rogers, 
R.  L.  Hallett,  Chairman, 

Secretary. 


Editorial  Note. 

The  Tentative  Definitions  of  Terms  Relating  to  Paint  Specifica- 
tions amended  as  indicated  in  this  report  were  approved  at  the  annual 
meeting  and  subsequently  adopted  as  standard  by  letter  ballot  of  the 
Society  on  August  25, 1922,  and  appear  in  the  supplementary  pamphlet 
of  A.S.T.M.  Standards  Adopted  in  1922. 

The  proposed  revisions  of  the  Standard  Specifications  for  Purity 
of  Raw  Timg  Oil  referred  to  in  this  report  were  accepted  as  new 
tentative  specifications  and  appear  on  page  742. 

The  proposed  Tentative  Specifications  for  Soya  Bean  Oil,  Raw 
or  Refined,  the  proposed  Tentative  Specifications  for  Perilla  Oil,  Raw 
or  Refined,  and  the  proposed  Tentative  Methods  of  Routine  Analysis 
of  Yellow  and  Orange  Pigments  Containing  Chromium  Compounds, 
Blue  Pigments  and  Chrome  Green  were  accepted  for  publication  as 
tentative  and  appear  on  pages  748-765. 


Digitized  by 


Google 


REPORT  OP  SUB.COMMITTEE  III  ON  TESTING  OP  PAINT  VEHICLES. 

During  the  past  year  the  members  of  the  sub-committee  have 
done  cooperative  work  on  the  analysis  of  samples  of  chia  oil,  rubber- 
seed  oil,  sunflower-seed  oil,  and  timg  oil. 

The  chia  oil  used  was  pressed  at  the  Institute  of  Paint  and  Varnish 
Research  from  a  ton  lot  of  chia  seed  imported  by  the  Educational 
Bureau  of  the  Paint  Manufacturers'  Association,  direct  from  Mexico. 
The  seed  was  identified  by  the  U.  S.  Department  of  Agriculture.  (See 
Circular  No.  106,  Educational  Bureau,  Paint  Manufacturers'  Associ- 
ation of  the  U.  S.) 

The  rubberseed  oil  was  obtained  at  the  suggestion  of  the  Imperial 
Institute,  of  London,  through  the  courtesy  of  the  Produce  Brokers 
Co.,  London,  and  MacAndrews,  Moreland  Co.,  Liverpool.  (See 
Circular  No.  118,  Educational  Bureau,  Paint  Manufacturers'  Associ- 
ation of  the  U.  S.) 

The  unrefined  sunflower-seed  oil  was  obtained  from  the  American 
Cotton  Oil  Co.,  being  pressed  by  them  from  a  crop  of  Missouri  sim- 
flower  seeds.  The  refined  simflower-seed  oil  was  from  a  sample 
obtained  from  the  U.  S.  Department  of  Agriculture  three  years  ago. 
(See  Circular  No.  1S6,  Educational  Bureau,  Paint  Manufacturers' 
Association  of  the  U.  S.) 

The  imported  tung  oil  No.  2  was  imported  from  China,  being  a 
sample  of  the  1920  crop,  obtained  under  careful  supervision  of  an 
importer's  agent  in  the  Wanshien  District.  (See  Circular  No.  119, 
Educational  Bureau,  Paint  Manufacturers'  Association  of  the  U.  S.) 

The  American  timg  oil  was  expressed  from  a  batch  of  American 
grown  timg-oil  nuts  collected  in  Florida  by  the  chairman  of  the  sub- 
committee. 

In  forwarding  the  oils,  it  was  stated  that  they  should  be  examined 
in  accordance  with  the  methods  outlined  in  Circular  No.  8t  of  the 
Bureau  of  Standards  for  the  analysis  of  linseed  oil.  It  would  appear 
that  these  methods  in  use  by  different  operators  in  widely  distributed 
laboratories  should  give  closely  agreeing  results. 

For  the  examination  of  the  sample  of  tung  oil,  it  was  requested 
that  the  determination  of  die  iodine  number  should  be  made  with 
both  the  Wijs  solution  and  with  the  Htibl  solution.  It  was  considered 
desirable  to  determine  whether  the  Wijs  solution  could  be  used,  in 
view  of  the  very  much  shorter  period  of  time  required  for  this  test. 
The  Htibl  method  to  be  followed  appears  in  the  present  published 
Standard  Specifications  for  Purity  of  Raw  Timg  Oil  (Serial  Designa- 
tion: D  12  -  16)  of  the  American  Society  for  Testing  Materials.*  The 
following  outline  for  the  Wijs  method  was  transmitted  to  the  members. 


>  1921  Book  of  A.8.T.M.  Standmrdt. 
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Wijs  Iodine  Number. 

Solutions  Required, — The  solutions  required  are  one  of  iodine  monochloride 
containing  13  g.  of  iodine  per  liter,  in  glacial  acetic  acid  that  has  a  melting  point  of 
1 4. 7  to  1 5  *  C.  and  is  free  from  reducing  impurities ;  and  another  of  sodium  thiosulfate, 
made  by  dissolving  24.83  g.  of  the  pure  salt  in  a  liter  of  water.  In  addition  to  these 
solutions  there  is  required  a  quantity  of  acetic  acid  of  the  same  strength  as  that  used 
for  making  the  solution  of  iodine  monochloride.  Pure  chloroform  and  starch  are 
also  necessary. 

The  preparation  of  the  iodine-monochloride  solution  presents  no  great  difficulty, 
but  it  shall  be  done  with  care  and  accuracy  in  order  to  obtain  satisfactory  results. 
There  shall  be  in  the  solution  no  sensible  excess  either  of  iodine  or  more  particularly 
of  chlorine,  over  that  required  to  form  the  monochloride.  This  condition  is  most 
satisfactorily  attained  by  dissolving  in  the  whole  of  the  acetic  add  to  be  used  the 
requisite  quantity  of  iodine,  using  a  gentle  heat  to  assist  the  solution,  if  it  is  found 
necessary.  Set  aside  a  small  portion  of  this  solution,  while  pure,  and  pass  dry 
chlorine  into  the  remainder  until  the  halogen  content  of  the  whole  solution  is  doubled. 
Ordinarily  it  will  be  found  that  by  passing  the  chlorine  into  the  main  part  of  the 
solution  until  the  characteristic  color  of  free  iodine  has  just  been  discharged,  there 
will  be  a  slight  excess  of  chlorine,  which  is  corrected  by  the  addition  of  the  requisite 
amount  of  the  unchlorinated  portion  until  all  free  chlorine  has  been  destroyed.  A 
slight  excess  of  iodine  does  little  or  no  harm,  but  excess  of  chlorine  must  be  avoided. 

Method, — Place  a  small  quantity  of  the  sample  in  a  small  weighing  burette  or 
beaker.  Weigh  accurately.  Transfer  by  dropping  from  0. 16  to  0.19  g.  to  a  500-cc. 
bottle  having  a  well-groimd  glass  stopper,  or  an  Erlenmeyer  flask  having  a  specially 
flanged  neck  for  the  iodine  tests.  Reweigh  the  burette  or  beaker  and  determine  the 
amount  of  sample  used.  Add  10  cc.  of  chloroform.  Whirl  the  bottle  to  dissolve  the 
sample.  Add  10  cc.  of  chloroform  to  each  of  two  empty  bottles  like  that  used  for 
the  sample.  Add  to  each  bottle  25  cc.  of  the  Wijs  solution  and  let  stand  with  occa- 
sional shaking  for  one-half  hour  in  a  dark  place  at  a  temperature  of  from  21  to  23*"  C. 
Add  10  cc.  of  a  15-per-cent  potassium  iodide  solution  and  100  cc.  of  water,  and 
titrate  with  standard  sodium  thiosulfate  using  starch  as  the  indicator.  The  titrations 
on  the  two  blank  tests  should  agree  within  0. 1  cc.  Prom  the  difference  between  the 
average  of  the  blank  titration  and  the  titration  on  the  samples  and  the  iodine  value 
of  the  thiosul&te  solution,  calculate  the  iodine  number  of  the  samples  tested.  (Iodine 
number  is  given  in  centigrams  of  iodine  to  1  g.  of  sample.) 

As  a  result  of  some  early  investigations  conducted  during  the 
year  1919  by  the  Bureau  of  Standards,  considerable  information  is 
available  regarding  the  comparative  value  of  the  two  iodine  methods: 
namely,  Wijs  and  Hubl,  when  used  upon  Chinese  wood  oil  (tung  oil). 
There  are  given  below  the  results  on  a  sample  of  pure  tung  oil  expressed 
from  Chinese  nuts  by  Sub-Committee  III.  (See  Proceedings,  Am. 
Soc.  Test.  Mats.,  Vol.  XIV,  Part  I,  p.  237  (1914).)  The  average  iodine 
niunber  on  this  oil,  as  reported  to  the  committee  by  ten  analysts,  using 
the  Hiibl  method  (18  hours)  was  169.6.  The  sample  had  been  pre- 
served in  a  full  black  bottie. 
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Table  I. — Results  op   Cooperative  Analysis  on    Samples    op  Chia  Oil 

RUBBEKSEED  OiL,  SuNFLOWEK-SeED  OiL  AND  TUNG  OiL. 


Aeid 
Vahie. 

Saponifi- 

eation 

Number. 

Hanus. 

Wgi. 

HObl. 

Heat  T«t. 


Orional 


Mk.    See. 


Zero  Aeidity 
after  Lbne 


Mill.     See. 


Gba  On. 


Gardner  and  I , 

Steele.  Gbmeandi 

R.W.Ltn<faay 

Faag.  Marling  and  HoweU. 

WUCe  and  Crowley 

J.H.Oilbeek 


Avenge.. 


0.0342 
0.0340 
0.0344 
0.0345 
0.0344 
0.0340 

0.0343 


0.3 

101.6 

104.6 

100.0 

0.25 

103.1 

106.2 

200.8 

0.4 

103.3 

105.2 

108.6 

0  4 

102.0 

106.6 

202.1 

0.4 

102.1 

106.5 

100.5 

0.85 
0^5 

102.3 
102.4 

104.5 

200.7 

105.4 

200.4 

Gardner  and  1 


R.W.    

Faag,  Marling  and  Hbwdl. 
Wbite  and  Ckmrley. 
J.H.Gybeek 


Avvage. 


RuBBuaoD  Oil. 

eooeoo 

58.8 
50.2 
56.0 
60.0 
57.7 
61.0 

58.0 

105.1 
102.6 
104.5 
100.6 
103.5 
103.7 

103.3 

136.7 
136.0 
137.2 
134.0 
186.5 
130.0 

137.8 
188.4 
187.8 
141.6 
130.0 
138.0 

188.7 

0.0240 

136.0 

SuNFLOwupSm  On.  (UNBwnnD). 

Fa^M^udHmU'.: 

Ti-iSSiSr*':::::::: 

0.0245 
0.0230 
0.0285 
0.0255 
0.0254 
0.0251 

0.0246 

2.2 
2.2 
2.1 
2.4 
2.1 
2.10 

2.20 

101.1 
180.7 
103.0 
102.7 

ioi.o 

101.7 

128.1 
128.6 
127.6 
120.4 
126.0 
181.5 

128.5 

180.0 
180.8 
120.5 
181.8 
120.0 
180.7 

130.3 

Avvage 

8TJNrLowi»-8i»p  Oil  (U.  S.  Parr.  AoMcuiitUM). 


Gardner  and  Reilhr. 

Steele,  Oune  and  Bnard. .. . 

R.W.IindMy 

Paiig,  Marling  and  HoweU.. 

White  and  Crowley 

J.  H.CMbcdc    

0.0237 
0.0235 
0.0234 
0.0255 
0.0242 
0.0241 

5.4 

102.0 
192.3 
103.2 
180.2 

iw'.o 

101.7 

110.0 
110.7 
110.0 
120.0 
117.5 
182.1 

110.7 

120.7 
121.4 
120.4 
124.8 
120.0 
121.5 

121.5 

Average 

0.0241 

Tdkq  On.  (hooam.) 


Gardner  and  Reilly 

Steele,  Came  and  Sward. . . 

lUW.Lindiaj 

Fa^  Marling  and  HoweU. . 

White  and  Orowley 

J.  H.  C  "    • 


Average., 


0.0420 


4.4 

104.0 

165.6 

172.5 

11 

0 

4.3 
(4.8)« 

}  102.7 

168.8 

10 

50 

0 

3.0 

106.7 

166.5 

168.7 

11 

45 

4.4 

104.0 

170.0 

11 

10 

4.4 

104.0 

171.5 

12 

4.0 

103.7 

170.2 

160.0 

, . 

1. 

^ 

m^ 

«• 

4.4 

104.4 

168.2 

170.4 

11 

21 

0 

Gardner  and  Reiny 

Steele.  Oune  and  Swai^ 


Faag,  Marling  and  Howell 
White  and  Crowley 
J.  H.  Cblbeek 

AverafB. 


Japan  Tuifo  On- 

Gardner  and  ReiDy 

0.0842 

0.0 

103.2 

150.2 

154.4 

Ni«ative 

Nivattva 

SuMfLown^nD  On.  (S.  M.  a  a  0.  A.). 

Gardner  and  ReiQy 

0.0246 

?.3    ]    100.1 

128.5 

181.5 

..    ,    .. 

1 
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Iodine  Numbers  of  Pure  Tung  Oil. 


Wijs  Mbthod. 

HObl  Mvthod. 

yiMK. 

IHB. 

^HE. 

18  HK. 

18  BR. 

18  BR. 

14-is*  a 

20-21*  C. 

39-40»C. 

11-16»C. 

19-2I*  C. 

37-44»  C. 

164.S 

166.8 

169.7 

169.4 

169.8 

148.6 

164.5 

165.5 

170.1 

169.9 

168.5 

148.6 

It  will  be  noted  that  the  results  with  tung  oil  by  the  Wijs  method 
at  the  lower  temperatures  are  lower  than  by  the  Hiibl  method.  It  is 
only  at  unusually  high  temperatures  that  the  Wijs  number  is  greater 
than  the  Hiibl  number  at  such  temperatures,  but  at  these  high  tem- 
peratures the  Hiibl  method  apparently  gives  erroneous  results. 

In  Table  I  the  results  are  given  of  the  analyses  made  during  the 
past  year  by  menibers  of  the  sub-committee. 

There  are  also  included  a  number  of  comments  on  the  work  by 
various  observers,  together  with  a  report  of  additional  work  by  L.  L. 
Steele. 

Comments  by  Mr.  E.  W.  Pasig. 

The  work  was  done  by  Mr.  Marling  and  Mr.  Howell  of  the  laboratory.  Owing 
to  the  fact  that  we  have  abandoned  the  use  of  ethyl  alcohol  in  our  laboratory,  it 
was  impossible  to  make  the  HOhl  iodine  determination  on  the  two  samples  of  tung  oil. 

The  Wijs  method  used  in  this  work  was  the  same  as  the  Hanus  method  described 
in  Circular  No.  82  of  the  Bureau  of  Standards,  except  that  the  Wijs  solution  When 
acting  upon  the  oil  for  one-half  hour  was  kept  in  a  dark  place  at  a  temperature  around 
21°  C.  The  Wijs  solution  was  made  by  passing  chlorine  into  iodine-glacial  acetic 
add  solution,  in  accordance  with  the  method  given  in  the  Standard  Methods  of 
Testing  Shellac  (Serial  Designation:  D  29  -  17)  of  the  American  Society  for  Testing 
Materials.'  The  other  reagents  were  made  up  according  to  the  method  Bureau  of 
Standards  Circular  No,  82,  The  heating  test  was  made  in  accordance  with  the 
method  given  in  the  tentative  revision  of  the  Standard  Specifications  for  Purity  of 
Raw  Ttmg  Oil  (Serial  Designation:  D  12  -  16)  of  the  American  Society  for  Testing 
Materials.* 

Comments  by  Mr.  J.  H.  Calbeck. 

All  determinations  were  carried  out  as  directed  with  one  exception.  The  acetic 
add  used  in  determining  the  iodine  value  by  the  method  of  Wijs  was  not  as  recom- 
mended and  we  are  planning  to  repeat  these  determinations  and  check  up  our  other 
iodine  values  as  soon  as  we  can  find  time  to  continue  the  work. 

All  determinations  recorded  are  the  averages  of  four  or  five  different  determina- 
tions. We  encoimtered  no  particular  difficulty  in  any  of  the  analyses,  except  in  the 
method  of  Wijs. 

Supplementary  Report  by  L.  L.  Steele. 

In  accordance  with  the  suggestions  from  the  chairman,  drying  tests  were  made 
upon  all  of  the  samples  of  oil  except  the  tung  oil.     A  sample  of  pure  raw  linseed  oij 

>  1921  Book  of  A.S.T.M.  SUndardi. 
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was  run  in  parallel  in  the  drjring  tests.  A  comparison  of  the  siccative  properties 
of  the  oils  was  made  by  incorporating  various  amounts  of  cobalt  (in  the  form  of 
cobalt  re  sinate  of  known  metal  content)  with  the  various  samples  and  determining 
the  relative  lengths  of  time  needed  for  drying  on  glass  plates.  The  results  are 
given  in  Table  II. 


Table  II. — Drying  Experiments  of  Various  Oils  with  Cobalt. 


Lensthof 
SBglitlySet 

Leocthof 
Tlowto 

Sei- 

LeDSkhof 

nnMto 

NevlyDiy. 

Hr.    Min. 

Br.    Mm. 

Br.    Min. 

1  35 

2  90 
S     45 

2     80 

8     15 
4      15 

;  :: 

2      i5 
2     45 

1  45 

2  80 

.      45 
1 

2     80 
2     45 

8      15 

1      .. 

1      15 

1     25 

1  15 

2  45 
2      45 

3  15 

4  15 
4      15 

•      •' 

i      25 
2      45 

1      25 
1      35 
8      15 

1     85 
8     46 

LeocthorTiiM 
toDiy. 


1  Sooflower-Seed  Oil  with  0.32  per  oeDt  Co. 
"      "    0.17  per  cent  Co. 
•*  "     *•    OJMperoentCa. 

Unrefined  Sunflower-Seed  Oil  with  0.29  per  cent  Co. 
"  -  0.14pereentCo. 
"      -    0.09 per oentCa 

CUa  OU  with  0.29  per  oeni  Co 

'•     -      "   0.18  per  oent  Co 

"     -     -  OUMpercentCo 

Rubberwed  Oa  with  0.26  per  eentCo 

•*     "    0.16  per  oent  Co 

0.10peroentCo 

Rsw  Lbieed  Oil  with  0.30  per  oent  Co 

-       "         "     "   0.16pereentCo 

OJWpereentCo 


Not  diy  after  2  days 
Not  diy  af ter  2  daya 
Not  dry  after  2  daya 

Not  diy  after  2  daya. 
Not  <fey  after  2  daya. 
Not  diy  after  2  dayf. 

lfar.l5]iiio. 
1  hr.  15  min. 
lhr.85min. 

Not  diy  after  2  daya. 
Not  diy  after  2  daya. 
Not  dry  after  2  daya. 

lhr.45iidn. 
2hr.45mih. 
4hr.  15min. 


The  four  samples  of  oil  were  mixed  with  a  commercial  sample  of  liquid  paint 
drier  in  the  proportion  of  one  part  drier  by  volume  to  nine  parts  of  oil,  and  the  drying 
properties  of  the  mixtures  determined  as  follows: 


Drying  Experiments  of  Various  Oils  with  Liquid  Drier. 

• 

Refined  Sonflowar. 
SeedOiL 

Seed  Oil 

GhiaOiL 

Rnb^ 

Lenctheftimetoafightlyaot. 

Length  of  time  to  let 

Length  of  time  to  nearly  diy . . 
Length  of  time  to  diy 

About  S^'hr. 
Not  dry  after  2  dayi. 

AbwtMhr. 
Not  diy  after  2  daya. 

lhr.45min. 
2hr.l5mm. 
2  hr.  80  min. 
2hr.45mu. 

Ab^tMhr. 
Not  diy  after  2  daya. 

The  terms  "slightly  set",  "set",  "nearly  dry"  and  "dry"  which  have  been 
used  may  be  defined  as  follows:  The  oil  was  "slightly  set"  when  it  first  showed 
signs  of  losing  its  " greasy  "  feel.  The  oil  was  " set"  when  it  felt  tacky  to  the  finger. 
The  oil  was  "nearly  dry"  when  the  oil  no  longer  adhered  to  the  finger  when  lightly 
touched  but  the  film  was  abraded  when  the  fintrer  was  drawn  lightly  across  its 
surface.  The  film  was  "dry"  when  it  did  not  become  abraded  when  the  finger 
was  drawn  lightly  across  its  surface  and  when  the  film  was  firm  under  gentle  pressure 
of  the  finger. 

Portions  of  the  four  samples  of  oil  were  heated  to  250*  C.  in  glass  beakers  and  a 
rapid  current  of  air  passed  through  them  by  means  of  a  glass  .tube.  After  6  hours  of 
this  treatment,  the  chia  oU  W9S  practic^y  unchanged  in  color  and  was  somewhat 
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"bodied".  After  5 J  hours  of  this  treatment,  the  rubberseed  oil  became  very  thick 
and  darker  in  color  than  the  original  sample.  After  6  hours  of  this  treatment,  both 
the  refined  and  unrefined  samples  of  sunfiower-seed  oil  were  slightly  "bodied"  and 
showed  a  considerable  "break"  ondeposit  of  foots. 

The  drying  experiments  indicated  that  chia  oil  dried  somewhat  faster  than 
linseed  oil  under  the  same  conditions  and  with  the  same  content  of  drier.  In  none 
of  the  experiments,  using  cobalt  and  liquid  paint  drier,  did  a  film  of  rubberseed, 
refined  sunflower-seed  or  unrefined  sunflower-seed  oil  dry  to  a  firm  satisfactory  film 
on  glass. 

The  high  iodine  value  for  chia  oil,  together  with  its  rapid  drying  properties  are 
suggestive  of  periUa  oil.  The  hexabromide  yield  of  the  fatty  acids  of  a  sample  of 
chia  oil  by  the  Steele- Washburn  Method  was  found  to  average  50.4  per  cent.  This 
value  is  very  close  to  the  hexabromide  yield  by  the  same  method  for  the  fatty  acids 
of  two  samples  of  perilla  oil  (believed  to  be  authentic)  of  48.0  and  50.0  per  cent, 
respectively. 

The  analytical  work  on  the  above  oils  was  partly  done  by  Dr.  L.  L.  Steele 
personally  and  partly  by  Messrs.  C.  L.  Came  and  G.  G.  Sward  under  his  direct 
supervision. 

Conclusion, — It  would  appear  from  the  results  obtained  by  the 
various  observers  that  the  Wijs  method,  if  conducted  with  the  carefully 
standardized  Wijs  solution  referred  to,  will  give  accurate  results  on 
tung  oil.  It  would  also  appear  that  the  results  correspond  closely 
with  those  obtained  with  the  Hiibl  solution,  being  on  the  average 
two  points  lower.  In  this  connection,  it  is  interesting  to  record  the 
fact  that  the  Fat  Analysis  Committee  of  the  American  Chemical 
Society  has  done  considerable  work  on  the  determination  of  the  iodine 
number  of  tung  oil  with  both  Wijs  and  Hiibl  solutions.  The  work 
of  this  committee  substantiates  their  findings.  In  view  of  this,  it  is 
recommended  that  in  the  Standard  Specifications  for  Purity  of  Raw 
Tung  Oil  (D  12-16)^  the  iodine  nimiber  (Wijs)  be  used  in  place  of  the 
iodine  number  (Hiibl).  In  place,  however,  of  a  minimum  of  165 
Htlbl,  a  minimum  of  163  Wijs  is  recommended. 

It  is  also  recommended  that  the  lime  treatment  of  the  oil  before 
the  heat  test  be  omitted.  In  the  heating  test  on  tung  oil,  the  oil 
requiring  the  lowest  number  of  minutes  to  become  firmly  set  is  consi- 
dered the  most  satisfactory  for  use.  With  increase  in  acidity,  increase 
in  time  of  setting  is  always  shown.  Oils  that  fall  within  the  limits 
for  acidity  prescribed  in  the  specifications  should  never  require  more 
than  12  minutes  to  firmly  set.  A  shorter  period  would  indicate  a 
superior  oil.  Oils  that  are  high  in  acidity  and  setting  time  in  the 
heat  test,  may  when  neutralized  by  shaking  with  hydrated  lime  and 
filtered,  show  firm  setting  when  heated  for  a  period  of  from  9  to 
10  minutes.     Such  a  result  would  indicate  purity  of  tbe^oiiXbut 
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would  not  indicate  its  value  for  use  in  the  varnish  industry.  The 
lime  test^  is,  however,  of  value  to  apply  when  adulteration  with 
other  oils  is  suspected.  Methods  for  determination  of  Specific 
Gravity,  Add  Number,  Saponification  Number,  and  Unsaponi- 
fiable  Matter  are  rewritten  to  correspond  with  the  methods  for 
determining  these  properties  as  applied  to  other  oils.* 

There  are  also  appended  to  this  report  tentative  specifications 
for  soya  and  perilla  oUs.'  These  specifications  were  originally  sub- 
mitted to  the  members  of  the  sub-committee  in  suggested  form  (see 
Circular  No.  187,  Educational  Bureau,  Paint  Manufacturers'  Asso- 
ciation of  the  U.  S.)«  The  various  members  of  the  committee, 
after  giving  them  careful  consideration  and  checking  up  the  results 
obtained  on  several  himdred  deliveries  of  commercial  soya  and 
perilla  oil,  have  suggested  changes  which  have  been  embodied  in  the 
specifications.  It  is  recommended  that  these  be  accepted  as  tenta- 
tive  standards. 

Respectfully  submitted  on  behalf  of  the  sub-committee. 

Henry  A.  Gaiidner, 

Chairnian. 


>  Tentative  Revision  of  the  Standard  Specifications  for  Purity  of  Raw  Tung  OU  (Serial 
Designation  :    D  12-16).  Proceedings,  Am.  Soc.  Test.  MaU..  Vol.  21.  p.  835  (1921). 

«  The  several  revisions  recommended  above  have  been  embodied  in  new  Tentative  Specifications 
for  Raw  Tung  Oil  to  supersede  when  adopted  the  present  Standard  Specifications  for  Purity  of 
Raw  Tung  Oil  (Serial  Designation:  D  1 2  - 16).    For  these  Tentative  Specifications,  see  p.  742.— Ed. 

»See  pp.  748-753.— Ed. 
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REPORT  OP  SUB-COMMITTEE  VI  ON  DEFINITIONS  OP  TERMS  USED 
IN  PAINT  SPECIFICATIONS. 

Committee  E-8  on  Nomenclature  and  Definitions  reviewed  and 
suggested  certain  changes  in  the  Tentative  Definitions  of  Terms 
Relating  to  Paint  Specifications  (D  16-21  T).i 

These  suggested  changes  which  for  the  most  part  were  in  form 
only  have  been  approved  and  the  tentative  definitions  re-written  as 
appended  hereto.  Sub-Committee  VI  recommends  that  the  tentative 
definitions  as  revised  in  accordance  with  these  suggestions  be  advanced 
to  standard. 

Respectfully  submitted  on  behalf  of  the  sub-committee, 

L.  P.  Nemzek, 
Chairtnan, 


REPORT  OF  SUB-COMMITTEE  VIII  ON  METHODS  OF  ANALYSIS  OF 

PAINT  MATERIALS. 

Methods  compiled  from  the  literature  are  submitted  herewith 
as  proposed  Tentative  Methods  of  Routine  Analysis  of  Yellow  and 
Orange  Pigments  containing  Chromium  Compounds,  Blue  Pigments, 
and  Chrome  Green,* with  the  recommendation  that  they  be  accepted 
for  publication  as  tentative. 

Respectfully  submitted  on  behalf  of  the  sub-committee, 

F.  W.  Smither, 
Chairman. 

>  Proctmiings  Am.  Soc.  Test.  Mats..  Vol.  21,  p.  629  (1921). 
*Sc©p.  754.— Ed. 
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REPORT  OF  SUB-COMMITTEE  IX  ON  VARNISH. 

Sub-Committee  IX  is  at  present  composed  of  twenty-six  members. 

The  work  of  the  past  year  has  consisted  of  investigating  the 
accuracy  and  value  of  various  physical  tests  which  could  comprise 
standard  methods  of  testing  varnishes.  A  number  of  the  tests  imder 
examination  are  now  included  in  the  specifications  recommended  by 
the  Inter-Departmental  Committee  on  Paint  Specification  Standard- 
ization of  the  United  States. 

Four  varnishes  were  prepared  for  this  purpose,  and  two  8-oz.  cans 
of  each  were  sent  to  twenty-one  members  who  had  reported  they  could 
undertake  the  work.  These  samples  were  marked  Ay  B,  C  and  D, 
Their  composition  and  manufacture  are  known  and  will  be  published 
when  the  tests  have  been  completed. 

A  sample  of  "Rim  Kauri"  (prepared  in  accordance  with  the 
directions  herewith,  for  the  use  of  the  Pittsburgh  Laboratory  of  the 
Signal  Corps  during  the  War)  and  a  sample  of  standard  tin  plate 
were  furnished  each*  operator.  He  was  requested  to  run  the  Kauri 
Reduction  test  with  both  the  standard  gum  and  with  a  sample  of  gum 
prepared  in  his  own  laboratory. 

Details  of  the  methods  under  investigation  are  as  follows: 

Methods  of  Testing  Varnishes  Proposed  for  Investigation  by 

SUB-CoinilTTEB  IX. 

General. — ^AU  tests  will  be  made  at  a  room  tcmperatxire  between  21  and  32*  C' 
(70  and  90*^  F.). 

All  tests  will  be  made  in  diffused  light  (not  in  direct  sunlight). 

The  tin  panels  used  shall  be  cut  from  bright  tin  plate  weighing  not  more  than 
25  g.  nor  less  than  19  g.  per  square  decimeter  (0. 51  to  0. 39  lb.  per  sq.ft.  Commercial 
No.  31  gage  bright  tin  plate  should  weigh  about  0. 44  lb.  per  sq.  ft.  It  is  important 
that  the  tin  plate  used  shall  be  within  the  limits  set.  The  panels  shall  be  about 
7.5  by  13  cm.  (3  by  5  in.)  and  must  be  thoroughly  cleaned  with  benzol  immediately 
before  using.     (Be  sure  rags  used  in  wiping  are  clean.) 

When  a  can  is  opened  and  part  of  it  is  used,  immediately  place  what  is  left  in 
containers  which  the  varnish  entirely  fills,  leaving  not  more  than  2  per  cent  of  air 
space.    Such  containers  should  be  absolutely  air  tight. 

Appearance. — Pour  some  of  the  thoroughly  mixed  sample  into  a  clear  glass 
bottle  or  test  tube  and  examine  by  transmitted  Ught.  The  varnish  must  be  clear 
and  transparent.  The  tubes  used  for  this  test  shall  be  1.5  to  2.0  cm.  (|  to  U  in.^ 
in  diameter  and  shall  be  filled  to  a  depth  of  at  least  2. 5  cm. 

Color. — Prepare  standard  color  solutions  by  dissolving  1,  2,  3,  4,  5,  and  6  g., 
respectively,  of  pure  powdered  potassium  dichromate  in  100  cc.  of  pure  concentrated 
HsSOi  (sp.  gr.  1.84).  Gentle  heat  may  be  used  if  necessary  to  perfect  the  solution 
of  the  dichromate.  The  standard  color  solutions  and  a  sample  of  the  varnish  to  be 
tested  shall  be  placed  in  clear  thin-walled  glass  tubes  of  the  same  diameter.     The 
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color  comparison  shall  be  made  by  placing  the  tubes  dose  together  and  looking 
through  them  by  transmitted  light.  The  tubes  used  for  this  test  should  be  1 . 5  to 
2.0  cm.  (I  to  H  in.)  in  diameter  and  shall  be  filled  to  a  depth  of  at  least  2. 5  cm. 
(1  in.).  Since  the  potassium  dichromate-sulfuric  add  must  be  freshly  made  for  this 
color  comparison,  it  is  frequently  more  convenient  to  compare  samples  with  a  per- 
manently sealed  tube  of  varnish  which  has  previously  been  found  to  be  slightly 
lighter  In  color  than  the  standard  solution.  When  samples  are  found  to  be  darker 
than  this  standard  tube  of  varnish,  the  dichromate  standard  should  be  made  up  for 
final  decision.  State  color  as  that  of  the  standard  (calling  the  standards  No.  1 ,  No.  2, 
No.  3,  etc.)  with  which  it  is  equal  or  lighter  than. 

Non-VoUUUe  Matter , — ^Place  a  portion  of  the  sample  in  a  stoppered  bottle  or 
weighing  pipette.  Weigh  the  container  and  sample.  Transfer  about  1.5  g.  of  the 
sample  to  be  weighed  to  a  flat-bottomed  metal  dish  about  8  cm.  in  diameter  (a  fric- 
tion-top can  plug).  Weigh  the  container  again  and  by  difference  calculate  the  exact 
wdght  of  the  portion  of  sample  transferred  to  the  wdghed  dish.  Heat  the  dish  and 
contents  in  an  oven  maintained  at  105  to  110^  C.  (221  to  230"*  P.)  for  three  hours. 
Cool  and  wdgh.  Prom  the  weight  of  the  residue  left  in  the  dish  and  the  wdght  of 
the  sample  taken,  calculate  the  percentage  of  non- volatile  residue. 

Drying  Time. — ^Pour  the  varnish  on  one  of  the  tin  panels  described  above  cover- 
ing the  pand.  Place  the  pand  in  a  nearly  vertical  podtion  in  a  well- ventilated  room 
but  not  in  the  direct  rays  of  the  sun.  The  atmosphere  of  this  room  must  be  free 
from  products  of  combustion  or  laboratory  fumes.  The  temperature  of  the  room 
should  be  from  21  to  32*  C.  (70  to  90*  P.).  The  film  is  tested  at  points  not  less  than 
2. 5  cm.  (1  in.)  from  the  edges  of  the  film  by  touching  lightly  with  the  finger.  The 
varnish  is  conddered  to  be  ''dry  to  touch"  when  gentle  pressure  of  the  finger  shows 
a  tadcy  condition  but  none  of  the  varnish  adheres  to  the  finger.  The  vamidi  is 
conddered  to  have  "dried  bard"  when  the  pressure  that  can  be  exerted  between  the 
thumb  and  finger  does  not  move  the  film  or  leave  a  mark  which  remains  noticeable 
after  the  spot  is  lightly  polished.  If  posdble,  record  the  average  temperature  and 
rdative  humidity  during  this  determination  and  state  the  results  in  hours  and  min- 
utes under  time  of  drying  to  touch,  testing  every  15  minutes.  Under  drying  hard, 
state  the  varnish  to  have  dried  hard  or  not  to  have  dried  hard  in  24  hours. 

Water  Resistance. — Pour  the  varnish  on  one  of  the  standard  tin  panels.  Allow 
to  dry  for  48  hours.  Place  one  of  these  panels  in  a  beaker  containing  about  2.5  in. 
of  distilled  water  at  room  temperature  (immersing  the  end  of  the  panel  which  was 
uppermost  during  the  drying  period)  and  leave  in  water  for  18  hours.  Report 
whether  the  varnish  has  turned  white  or  any  other  observations.  Wipe  off  all 
water.  Allow  to  dry  for  2  hours  and  report  condition.  Determine  whether  the  films 
are  softened  immediatdy  on  removal  from  the  water  and  two  hours  after  removaL 

Hot  Water  Test. — Ftepare  the  pands  as  for  cold  water  test.  After  drying  for 
48  hours,  place  in  a  beaker  containing  2.5  in.  of  boiling  distilled  water  (immersing 
the  end  of  the  panel  which  was  uppermost  during  the  drying  period).  Allow  to 
remain  for  fifteen  minutes.  Observe  the  condition  on  removal  from  the  water  and 
also  two  hours  after  removal. 

Place  a  second  pand  (prepared  and  dried  in  the  same  manner)  in  another  beaker 
of  boiling  distilled  water  for  15  minutes.  Then  cool  quickly  to  room  temperature 
by  adding  cold  water.  Remove  the  panel  and  report  the  condition  then  and  two 
hours  after  removal. 

Elasticity, — The  elastidty  of  the  varnish  is  determined  by  the  Kauri  Reduction 
test  as  follows:  By  proportionatdy  reducing  its  dastidty  by  the  addition  of  a  stand- 
ard solution  of  "Run  Kauri  gum"  in  pure  spirits  of  turpentine. 
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,(i)  Preparation  of  the  "Run  Kawi**: 

Arrange  a  distillation  flask,  water-cooled  condenser  and  a  tared  receiver  on  a 
balance.  Place  in  the  flask  about  one-third  of  its  volumetric  capacity  of  dear  bright 
hard  pieces  of  Kauri  gum  broken  to  pea  size.  Carefully  melt  and  distill  until  25  per 
cent  by  weight  of  the  gum  taken  is  collected  in  the  tared  receiver.  (At  the  end  of 
the  distillation,  the  thermometer  in  the  distillation  flask  with  the  bulb  at  the  level 
of  the  discharging  point  of  the  flask  should  register  about  316*  C.  (600*  P.)).  Pour 
the  residue  into  a  dean  pan  and  when  cold  break  up  into  small  pieces. 

(2)  Preparation  of  Standard  **Run  Kauri'*  Solution: 

Place  a  quantity  of  the  small  broken  pieces  of  Run  Kauri  together  with  twice 
its  weight  of  freshly  re-distilled  spirits  of  turpentine,  using  only  that  portion  distilling 
over  between  153  and  170*  C.  (308  and  338*  P.).  in  a  careftdly  tared  beaker.  Dis- 
solve by  heating  to  a  temperature  of  about  149*  C.  (300*  P.)  and  bring  back  to  cor- 
rect weight  when  cold  by  the  addition  of  the  amount  of  re-distilled  spirits  of  turpen- 
tine necessary  to  replace  the  loss  by  evaporation  during  the  dissolving  of  the  gum. 

(J)  Reduction  of  the  Varnish: 

Having  carefully  determined  the  non-volatile  content  of  the  varnish  according 

to  the  proposed  standard  method^  take  100  parts  by  weight  of  the  varnish  and  add 

to  it  an  amount  of  the  standard  Run  Kauri  solution  equivalent  to  50  per  cent  by 

weight,  of  the  non-volatile  matter  in  the  varnish.    Mix  the  varnish  and  the  solution 

•  thoroughly. 

(4)  Plow  a  coat  of  the  varnish  thus  reduced  on.  one  of  the  tin  panels  described 
above  and  let  stand  in  a  nearly  vertical  position  at  room  temperature  for  one  hour. 
Next,  place  the  pand  in  a  horizontal  position  in  a  properiy  ventilated  oven  and  bake 
for  five  hours  at  95  to  100*  C.  Remove  the  pand  from  the  oven  and  allow  to  cool 
at  room  temperature  (preferably  24*  C.  (75*  P.) )  for  one  hour. 

(5)  Bending  the  Panel: 

Place  the  pand  with  the  varnished  side  uppermost  over  a  3-mm.  (i-in.)  rod, 
hdd  firmly  by  suitable  supports,  at  a  point  equi-distant  from  the  top  and  bottom 
edges  of  the  pand  and  bend  the  pand  double  rapidly.  The  varnish  must  show  no 
cracking  whatsoever  at  the  point  of  bending.  Por  accurate  results  the  bending  of 
the  panel  should  always  be  done  at  24*  C.  (75*  P.)  for  a  lowering  of  the  temperature 
will  lower  the  percentage  of  reduction  that  the  varnish  will  stand  without  craddng 
while  an  increase  in  temperature  increases  the  percentage  of  reduction  that  the 
varnish  will  stand. 

Varnishes  which  do  not  show  cracks  under  this  test  are  said  to  pass  a  fifty-per- 
cent reduction,  while  those  that  do  cradc  do  not  pass  a  fifty-per-cent  reduction. 

The  varnishes  which  have  not  cracked  should  be  tested  again,  changing  the 
amount  of  reduction  to  sixty  per  cent,  and,  if  they  pass  this  amotmt  of  reduction 
reduce  them  to  seventy  per  cent. 

In  a  similar  manner,  test  varnishes  which  have  cracked  at  fifty  per  cent,  using 
reductions  of  thirty  and  forty  per  cent 

In  this  way,  we  will  have  determined  the  limits  within  ten  per  cent  at  whidi  a 
varnish  passes  one  amount  of  reduction  and  does  not  pass  the  next. 

Por  example,  we  will  report  the  varnishes  as  passing  forty  per  cent,  and  breaking 
at  fifty  per  cent. 

It  is  suggested  that  a  20-g.  sample  of  varnish  is  sufficient  for  each  reduction 
If  the  non- volatile  content  of  the  varnish  should  be  48.6  per  cent,  then  add  4.86  g. 
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of  Standard  Kauri  Gum  solution  to  the  20  g.  of  varnish  and  a  fifty-per-oent  reduc- 
tion will  be  obtained. 

DurabiHiy  by  Exposure, — Durability  tests  are  so  much  influenced  by  weather 
conditions  that  it  is  always  necessary  to  make  them  in  comparison  to  a  standard 
of  known  durability  and  performance.  Inasmuch  as  we  have  no  such  standard,  our 
durability  tests  will  amount  to  a  comparison  of  these  four  varnishes  with  each  other. 
The  tests  shall  be  made  on  unfilled  panels  of  maple  wood  4  by  12  by  i  in.  Three 
coats  of  varnish  shall  be  applied  to  each  test  panel  allowing  three  days  for  drying 
.  of  each  coat. 

The  first  coat,  after  drying  indoors  for  three  days,  shall  be  lightly  sand-papered 
with  No.  00  sand-paper  before  applying  the  second  coat.  The  second  and  third 
coats  shall  not  be  sand-papered  or  rubbed.  The  backs  and  edges  of  the  panels 
shall  be  varnished  with  three  coats  of  the  samples  but  for  these  surfaces  the  details 
of  the  method  of  application  as  given  need  not  be  adhered  to  and  the  effects  of  ex- 
posure on  these  surfaces  shall  not  be  considered. 

Three  days  after  the  application  of  the  third  coat,  the  panel  shall  be  exposed 
outdoors  45  deg.  to  the  vertical,  facing  south.  The  panel  shall  be  inspected  at  inter- 
vals of  one  week.  A  varnish  shall  be  considered  to  have  failed  when  the  first  cracks 
appear. 

A  second  exposure  test  shall  be  made  in  the  following  manner:  Two  of  the 
standard  tin  plates  shall  be  coated  with  each  of  the  varnishes  by  flowing  the  varnish 
over  the  panel  and  drying  standing  in  a  nearly  vertical  position.  After  three  days 
drying,  each  panel  shall  be  given  a  second  coat,  allowing  the  varnish  to  drain  in  the 
opposite  direction.  This  test  will  then  be  in  duplicate.  Six  days  after  the  last 
coat  has  been  applied,  place  these  panels  on  the  roof.  This  will  be  the  same  time 
that  the  wooden  panels  are  exposed  out  of  doors.  Inspect  once  every  week  and 
report  the  first  cracks  as  evidence  of  failure,  disr^arding  cracks  appearing  within 
}  in.  of  the  edge  of  the  panel.  These  tin  panels  will  also  be  exposed  at  any  angle 
of  45  deg.  to  the  vertical,  facing  south. 

In  reporting  the  results  of  this  test,  be  careful  to  report  the  comparative  dura- 
bility on  wood  and  on  the  tin  panels  and  any  remarks  as  to  which  method  3rou  con- 
sider the  better. 

There  are  also  included  a  number  of  comments  on  the  work: 

Remarks. 

Appearance, — Inasmuch  as  varnish  is  not  a  true  solution  and  is  apparently  not 
optically  homogeneous,  absolute  clarity  is  not  generally  reached. 

C<d&r, — The  method  used  seems  to  be  well  adapted  for  specification  work. 
Another  interesting  use  of  secondary  standards  for  determining  the  color  of 
varnish  is  that  of  the  Gardner-Holt  Color  Standards.    Here  caramel  water  solutions 
preserved  with  sodium-benzoate  are  employed.     The  results  obtained  by  several 
operators  using  these  standards  are  as  follows: 

CoLOK  (Oakdnxk-Holdt  Color  Standards). 
Samflb.  Gasdnsr.  Ingalls.  Stoppsl.  Colb. 

A 4+4+4  4 

B : 10  10  10  10 

C 7  7  7  7 

D 5+  5+  5+  5  + 

Non-VclatiU  MaUer. — The  method  here  used  gives  concordant  results  in  the 
hands  of  different  operators.    The  reports,  on  all  four  varnishes,  are  within  1  per  cent 
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of  the  average  in  each  case.  Differences  of  li  on.  in  the  diameter  of  the  pan  used 
does  not  affect  the  results.    It  is  important  to  have  the  oven  well  ventilated. 

Drying  Time, — ^Reports  are  not  in  dose  agreement.  The  terms  "dry  to  touch" 
and  "dry  hard  and  tough"  will  require  more  exact  definitions.  This  will  be  con- 
sidered in  future  work. 

CM  Water  Tests. — ^Reports  are  in  good  harmony.  The  interpretation  of  this 
test  and  its  value  is  still  to  be  oonsideredL  It  is  noted  that  those  varnishes  which 
are  affected  are  for  the  most  part  unaffected  two  hours  after  removal  from  the  water. 

Hot  Water  Test. — ^With  the  possible  exertion  of  varnish  D,  this  test  seems  to 
be  a  more  rapid  and  severe  cold  water  test  Varnish  D  is  more  affected  than  would  be 
expected  from  the  results  in  the  cold  water  test.  Two  hours  after  removal  from  the 
hot  water,  vamiahes  are,  with  the  exception  of  varnish  C,  unaffected. 

Cooling  the  hot  water  to  room  temperature  before  removing  the  panel  does  not 
seem  to  improve  the  test  or  alter  the  mults. 

Elasticity  as  Determined  by  the  Kauri  Reduction  Test. — ^Results  are  in  fair  agree- 
ment. One  of  the  difficulties  encountered  is  finding  a  proper  oven.  It  is  not  suffi- 
cient that  the  thermometer  on  the  oven  indicate  that  there  has  been  no  variation, 
but  the  various  parts  of  the  oven  must  not  differ  in  temperature.  In  other  words, 
the  various  varnished  plates  must  all  be  baked  at  the  correct  temperature.  Any 
oven  that  is  to  be  used  for  this  test  should  be  carefully  tested  for  uniformity  before 
it  is  used. 

In  the  majority  of  cases,  the  gum  prepared  by  the  operator  gave  the  same  results 
as  the  standard  Run  Kauri.  Report  on  this  work  will  be  completed  during  the  year. 

Durability  by  Exposure. — The  exposure  tests  of  the  samples  have  not  progressed 
far  enough  to  be  included  in  this  year's  report. 

Viscosity. — Several  members  have  reported  the  viscosity  of  the  various  samples, 
using  the  Gardner-Holdt  Bubble  Viscosimeter.  By  this  method,  the  various  var- 
nishes are  compared  in  tubes  of  equal  diameter  to  secondary  standards  of  known 
absolute  viscosity,  at  a  definite  temperature.  The  viscosity  of  a  varnish  has  an  im- 
portant part  to  play  in  its  working  properties.  This  method  of  determining  vis- 
cosity is  both  simple  and  inexpensive.  The  results  obtained  appear  to  be  well 
within  the  accuracy  necessary  for  varnish  work. 

The  following  table  shows  the  figures  obtained  by  different  operators  with 
different  sets  of  viscosity  tubes. 

Viscosity  in  Poisbs  at  25*  C. 

Sampls.  Oardnbk.  Imgalls.  Cols.  Stoppbl. 

A 1.40  1.50  1.40  1.65 

B 1.30  1.40  1.25  1.40 

C 3.40  3.40  3.40  3.20 

D 3.30  3.30  3.20  3.20 

Thickness  of  Film. — Several  members  are  doing  work  on  the  thickness  of  the 
various  varnish  films  which  are  used  in  the  tests  and  this  will  be  reported  later. 

Respectfully  submitted  on  behalf  of  the  sub-committee, 

E.  J.  Cole, 
Chairman. 
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REPORT  OF  SUB-COMMITTEE  XIV  ON  PREPARATION  OF  IRON  AND 
STEEL  SURFACES  FOR  PAINTING. 

Sub-Committee  XTV  reports  that  very  little  change  has  taken 
place  in  the  condition  of  the  panels  of  the  tests  which  are  in  progress 
to  determine  the  effect  of  various  treatments  of  surface  on  the  holding 
property  of  paints,  and  there  is,  therefore,  nothing  of  importance  to 
add  to  the  report  of  last  year  as  regards  the  original  panels. 

Panel  No.  10  of  the  Brookl}m  tests  was  found  in  such  bad  condi- 
tion at  the  sub-committee  inspection  of  May  27,  1921,  that  it  seemed 
that  there  would  be  no  advantage  in  exposing  it  further,  but  it  was 
thought  that  it  could  be  utilized  for  further  tests  to  determine  the 
relative  value  of  sand-blasting  and  ordinary  cleaning.  The  plate  was, 
therefore,  sent  to  Dr.  McDonnell  at  Altoona  who  reported  treatment 
aad  exposure  of  the  same  as  follows: 

'*0n  June  9,  1921,  the  right  half  of  the  panel  was  carefully  scraped  and 
wire  brushed.  The  left  half  of  the  panel  was  sand-blasted  and  all  old  paint, 
rust  and  scale  removed  thereby.  The  entire  panel  was  then  coated  with  Pennsyl- 
vania Railroad  freight-car  paint.  On  June  10  the  second  coat  of  the  same  paint 
was  applied,  24  hours  having  elapsed  since  the  application  of  the  first  coat.  The 
paint  used  was  taken  from  a  quart  can  which  was  made  up  by  Mr.  Cheesman 
for  the  original  test,  which  had  been  kept  imopened  until  June  9,  1921.  On 
June  10  the  panel  was  stenciled  on  the  face  with  the  figure  '  10'  and  the  word 
'Scraped'  on  the  left  end  and  'Sand-blasted'  on  the  right  end.  The  back  of 
the  panel  was  also  given  one  coat  of  Pemisylvania  standard  black  paint  for 
the  purpose  of  preserving  it.  The  panel  was  exposed  on  the  test  rack  with 
other  panels  belonging  to  Sub-Committee  XIV  on  Jime  13." 

Respectfully  submitted  on  behalf  of  the  sub-committee, 

A.  W.  Carpenter, 
Chainnan. 
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REPORT  OP  SUB-COMMITTEE  XXI  ON  SPECIFICATIONS  FOR  THE 

FUNDAMENTAL  REQUIREMENTS  OF  PAINT  FOR 

SPECIFIC  PURPOSES. 

Sub-Committee  XXI  has  carefxilly  considered  the  various  require- 
ments of  paint,  and  it  seems  evident  that  much  progress  has  been 
made  in  methods  of  testing  and  instruments  for  determining  color, 
hiding  power,  surface  finish  and  consistency.  At  the  present  time, 
the  attention  of  the  sub-committee  is  largely  given  to  the  question 
of  durability,  and  the  possibility  of  developing  accelerated  durability 
tests.  The  sub-committee  is  trying  to  study  the  different  factors 
that  influence  durability,  and  hopes  to  have  something  more  definite 
to  report  next  year. 

The  sub-committee  feels  that  it  has  stimulated  the  study  of  these 
problems  by  other  members  of  Committee  D-1  and  the  paint  industry 
in  general. 

Respectfully  submitted  on  behalf  of  the  sub-committee. 

F.  G.  Breyes, 
Chairman. 
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REPORT  OF  SUB-COMMITTEE  XXII  ON   METHOD  OP  APPLICATION 
OP  PAINT  BY  SPRAYING. 

Test  at  Bridgeville,  Pa.  (McLaughlin  Road),  on  October  U 

AND    13,    1921. 

At  the  meeting  of  March  22,  1921,  of  Committee  D-1,  at  Phila- 
delphia, the  chairman  of  the  sub-committee  recommended  a  com- 
petitive spraying  and  brushing  test  under  actual  working  comparable 
conditions.  Accordingly,  permission  was  obtained  from  the  Pittsburgh 
Coal  Co.,  owners  of  a  row  of  six  small  dwelling  houses  of  uniform  size 
and  location  shown  in  Fig.  1,  to  have  some  of  these  houses  painted 
by  brushing  and  others  by  spraying,  simultaneously.  The  owners 
agreed  to  pay  for  the  ps^int,  and  the  committee  agreed  to  supply 
the  labor  without  charge. 

Fig.  2  is  a  close-up  view  of  a  typical  house.  These  houses,  so 
far  as  can  be  learned,  were  painted  about  twelve  years  ago  and  Fig.  3 
shows  the  average  condition  of  the  surface  on  all  of  them.  It  is  con- 
sidered that  so  far. as  uniformity  of  area  and  condition  of  surface  are 
concerned,  the  houses  were  practically  identical. 

All  of  the  leading  spray  apparatus  manufacturers  were  asked  to 
participate,  and  the  invitation  was  accepted  by  W.  N.  Matthews  and 
Brother,  The  DeVilbiss  Manufacturing  Co.  and  the  Paasche  Air 
Brush  Co.  The  Spray  Engineering  Co.,  Boston,  and  the  Eclipse  Air 
Brush  Co.  did  npt  wish  to  participate  in  the  test.  On  account  of  some 
mishap  which  occurred  in  shipping  the  machine,  the  Paasche  Air 
Brush  Co.,  was  unable  to  get  their  machine  in  operation  in  time,  to 
participate;  but  with  the  DeVilbiss  Manufacturing  Co.  and  W.  N. 
Matthews  and  Brother,  together  with  a  non-union  group  of  three 
painters,  and  a  union  group  of  three  painters,  the  test  was  started 
on  Tuesday  morning,  October  8,  with  four  houses  to  be  painted. 

A  second  group  of  union  painters  had  been  employed  to  do  a 
fifth  house,  but  when  they  arrived  on  the  job  and  found  non-union 
workers  next  door,  they  refused  to  work,  but  it  was  considered  that 
with  two  of  the  leading  spray  apparatus  manufacturers  and  a  union 
and  a  non-union  crew  of  brush  painters,  there  would  be  sufficient 
data  from  which  to  draw  conclusions. 

The  color  scheme  for  the  painting  was  as  follows: 
Body  of  Houses,  Gray — 2  houses  sprayed,  2  houses  brushed. 
Trim,  White — 4  houses  brushed. 
Window  Sash,  Black — 4  houses  brushed. 
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The  committee  decided  on  ^ureau  of  Standards  Inter-departmental 
White  Paint  conforming  to  Specification  No.  89: 

White  Lead 31  per  cent 

XX  Zinc  Oxide 25 

Silicate  of  Magnesium 6        " 

Raw  Linseed  Oil 32 

Japan  Dryer 6        " 

100  per  cent 

Thinning. — The  paint  on  the  above  formula  was  made  up  by 
W.  W.  Lawrence  &  Co.  and  sent  in  5  and  in  1-gal.  cans  to  the  job. 


Fig.  1. — Dwelling  House  Used  in  Spraying  versus  Brushing  Paint  Tests. 

After  consulting  the  practical  painters  and  considering  the  recom- 
mendations of  the  spray  workers,  it  was  decided  that  the  gray  paint 
for  the  body  of  the  house  in  its  original  form  was  too  heavy  for  both 
brushing  and  spraying,  and  in  order  to  get  a  comparison  between 
brushing  and  spraying  with  exactly  the  same  mix  of  paint,  a  gallon  of 
turpentine  was  added  to  each  5  gal.  of  paint  used  for  the  first  coat, 
and  thus  the  same  paint  was  used  by  both  brush  and  spray  workers. 
To  the  white  trim  paint  for  the  first  coat,  1  pt.  of  turpentine  was 
added  to  each  gallon. 
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For  the  second  coat,  {  gal.  of  turpentine  was  used  to  each  5  gal. 
can  of  gray  paint;  and  i  pt.  of  turpentine  to  the  white  for  finishing. 
The  figures  given  in  the  report  and  all  data  which  follow  represent 
the  paint  as  thinned  for  use  in  this  manner,  and  to  this  extent,  cor- 
rections must  be  made  in  the  above  formula  No.  89  to  ascertain  the 
exact  nature  of  the  paint  applied  for  each  coat. 

As  cost  of  these  paints,  a  price  of  $2.50  per  gallon  was  agreed 
upon  as  a  fair  market  price,  and  this  figure  is  used  in  all  calculations. 


Fig.  2.— a  Typital  House. 

As  a  means  of  scaffolding  the  buildings,  it  was  decided  that  the 
Bauer  safety  ladders  which  are  shown  in  Fig.  4  would  be  satis: 
factory,  and  accordingly  the  Bauer  Manufacturing  Co.,  Wooster,  Ohio, 
kindly  consented  to  loan  sufficient  ladders  and  planks  for  the  work. 

Each  house  was  started  independently  as  it  was  not  found  prac- 
ticable to  start  the  work  simultaneously.     The  scaffolding  apparatus 
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was  lying  in  the  yard  and  the  time  of  placing  the  ladders  and  planks 
in  position  was  included  in  the  working  time. 

Each  house  presented  an  area  of  1750  sq.  ft.  for  each  coat,  which 
included  the  porch,  but  did  not  include  the  windows.  All  calcula- 
tions on  the  tabulated  statements  herein  employ  1700  sq.  ft.  after 
making  allowance  for  the  windows. 

Details  of  Work. 
House  No.  I,  Non-  Union,  Brush. — 

Job  in  charge  of  F.  J.  Nickolay,  Contractor,  BridgeviUe,  Pa. 
A.S.T.M.  Overseer,  J.  F.  Nieser  of  the  Arco  Co.,  Cleveland,  Ohio. 


Fig.  3. — ^Average  Condition  of  Surface. 


Paint  bnished  by  three  non-union  men.     The  old  paint  was  badly  checked. 
The  men  employed  on  this  job  worked  about  as  fast  as  the  average  good  hand  brush 
man  would.     This  job  was  about  as  good  as  House  No.  3. 
House  No.  2,  Spray,  W,  N,  MaUhews  and  Brother.— 

Job  in  charge  of  J.  B.  Trescott,  St.  Louis,  Mo. 

A.S.T.M.  Overseer,  Frank  Gutenberg,  of  the  Acme  White  Ledd  and  Color 
Works,  Detroit,  Mich. 

Old  trim  was  dark  red.  The  body  of  the  house  a  dirty  light  drab.  A  fairly 
heavy  coat  of  primer  was  applied  with  both  spray  and  brush;  the  primer  did  not 
seem  to  fill  the  bad  spots  thoroughly.  The  surface  was  not  thoroughly  wire  brushed. 
Where  surface  was  hard,  that  is,  where  paint  was  not  all  off  surface,  a  few  runs 
showed. 
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None  of  the  three  workers  on  the  second  coat  were  good  brush  hands.     The 
spray  did  not  fill  in  bad  spots,  especially  where  the  old  paint  was  badly  checked  or 
weather  beaten. 
House  No,  3,  UnionMen,  Brush, — 

Job  in  charge  of  C.  T.  Singhotise,  Contractor,  Pittsburgh,  Pa. 

A.S.T.M.  Overseer,  H.  A.  Nelson,  of  the  New  Jersey  Zinc  Co.,  Palmerton,  Pa. 

This  job  was  probably  the  best  of  the  four  houses.     The  work  was  very  good, 
because  the  workmen  were  experts  and  the  house  was  scraped  and  sanded  and  in 
fair  condition  for  painting.     It  had  a  solid  coat. 
House  No,  4,  Spray,  DeVUbiss  Manufacturing  Co.,  Toledo,  Ohio, — 

Job  in  charge  of  W.  F.  Gradolph,  DeVilbiss  Manufacturing  Co.,  Toledo,  Ohio. 

A.S.T.M.  Overseer,  C.  D.  Holley,  of  the  Sherwin-Williams  Co.,  Cleveland,  Ohio. 


Fig.  4. — ScaflFolding  and  Spray  Apparatus  in  Use. 

Old  trim  was  dark  red.  A  very  light  priming  coat  was  applied,  apparently  in 
many  places  insufficient  to  properly  seal  the  surface.  The  application  appeared 
rather  imeven,  too  light  in  spots  and  slightly  heavy  in  others  but  with  no  runs  or 
sags.  It  took  9  minutes  to  make  connections,  erect  staging  and  clean  up.  It  took 
30  minutes  to  do  the  east  side,  29  minutes  to  do  the  west  side  and  44  minutes  to  do 
the  back.  Two  men  were  used  on  this  job.  The  surface  was  not  cleaned  as  well 
as  it  should  be  for  good  painting.  The  first  coat  was  not  as  dry  in  places  where  paint 
was  applied  heavy  as  it  should  be  for  re-coating. 

Conclusions, — 

1.  The  hand  brush  application  undoubtedly  showed  a  superior 
evenness  and  penetration  in  the  cracks  and  crevices  of  this  rough 
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surface.  Brush  application  proved  superior  to  spraying  where  a  sur- 
face of  this  kind  is  to  be  contended  with;  therefore,  having  this  in 
mind  a  subsequent  spray  test  was  made  on  one  of  these  houses  having 
the  same  rough  surface.  A  few  minutes  after  the  paint  was  sprayed 
it  required  only  a  few  minutes,  by  ineans  of  a  4-in.  brush,  to  brush 
the  sprayed  paint  so  that  it  filled  the  cracks  and  crevices^  and  had  the 
same  appearance  as  the  paint  applied  entirely  by  brush.  It  required 
an  astonishingly  short  time  to  level  off  the  paint  in  this  manner  and 
get  the  same  effect  with  sprayed  as  with  brushed  paint. 

Table  I. — Time  and  Cost  Comparison  in  Painting  Four  Houses. 
Brush  versus  Spray. 


HOUK. 

Method. 

Coats. 

PainUni 
IMan. 

5  Time. 
3  Men. 

Area. 

sq.ft. 

Area  per 
Minute. 
3  Men. 
sq.ft. 

Ubor 
ToUl. 

Cost  at 
icr  Hour, 
lars. 

Per 
Square 
Foot. 

Remarks. 

hr.  min. 

hr.  min. 

Brush. 

Non- 
Union 
Men 

First... 
Second.. 

Total.... 

Average. 

3  55 

4  30 

8    25 

11    45 
IS    30 

1700 
1700 

3400 

2.41 
2  10 

2.25 

34  08 

0.01002 

Time  cleaning,  3  men  at  4 
hours  each  =  12  hr.» 

Trimming  time  included  in 
total  time,  4  hr.  6  min. 

Paid  contractor  for  job. 
163. 25.  or  SO  .0185  per  sq.ft. 

TAharcoBt72hr.atS0.876 
perhr. 

No.  1 

25    15 

No.  2 

^: 

Matthews 

andBro. 

3 

Men 

First.... 
Second.. 

Total.... 

Average. 

3    18 
3    33 

6    51 

9    54 
10    39 

20    33 

1700 
1700 

3400 

2.86 
2.66 

2.75 

27.86 

0  0082 

Time  eleaping.  3  men.  1  hr 
each.    Total3hr.» 

No.  3 

Brush. 

3 
Union 
Men 

First.... 

a 1 

oeoona. . 
Total... 
Avenue. 

2    12 
2    15 

4    27 

6    36 
6    45 

13    21 

1700 
1700 

3400 

4.29 
4.20 

4.24 

17.83 

0.00525 

Time  cleaning.  3  men  1  hr. 
10min.each"3hr.30min.i 

time,  4  hr.  15  min. 

Paid  contractor  for  job  48 
hr.  at  S1.35p«rhr..  S64.80. 

or  SO  019  per  sq.  ft. 

No.  4 

2 
Men 

First.... 
Second. . 

ToUl.... 

Average. 

3      3 
2    57 

6     0 

2  Men. 
6     6 
5    54 

1700 
1700 

3400 

2  Men. 
4.64 
4.80 

4.72 

16.20 

0.00177 

One  man  cleaning  5  hr  ^ 

12      0 

'  Time  cleaning  not  included  in  total  cost  of  job  or  total  time. 

2.  This  test  developed  the  fact  that  for  small  houses  of  this 
character,  where  it  is  necessary  to  paint  the  body  one  color  and  the 
trim  in  another  color,  the  spray  does  not  show  as  great  economy 
in  application  as  one  would  expect,  but  against  this  is  the  fact  that  both 
crews  of  brush  painters  worked  very  rapidly,  one  crew  especially,  at 
a  rate  of  speed  that  would  hardly  apply  in  regular  practice.  Also, 
the  time  included  in  working  time  required  to  connect  up  the  spraying 
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Table  II. — Quantity  of  Paint  Used,  in  Gallons,  and  Area  Covered  per 
Gallon,  Showing  Cost  of  Material  and  Labor  per  Square  Foot. 


Method. 

Point  Uied.  gal. 

AppB- 
eouoo. 
iq.ft 
IWioL 

Coitor 

Pkiotot 
82.60  per 

Cort  per  Squan  Foot,  dolhn. 

Total 

HOOM. 

Moteriol. 

Ubor. 

Material 
and  Labor. 

CoH. 

doUara. 

No.1 

Bnidi, 

UnioQ 
Moo 

TMol...  6.876 
[Qna 8.2600 

"**^®;.:::ll:Sg 

Total...  4.0006 

Tbtal.2eooto 0.8766 

AYOKOfi 

280  . 

426 
844 

14.00 

10.00 
24.00 

0.00864 
0.00668 

0.01002 

0.01728 

0.00726 

68.76 

No.  2 

Men 

TMol...    6.760 

Total...    6.068 

Total.2ooota .10.813 

ATcrago 

206 

880 

814 

14.88 

12.06 
27.04 

0.00647 
0.00744 

0.0082 

0.01616 

0.00706 

64.01 

No.  8 

Moo 

Total...    6.026 

2do.ot{^::::  MS 

iBlMk 0.068 

Total...    4.088 

Total.8eoota 11.668 

AYOKOfi 

267 
844 

m 

16.66 

12.86 
28.01 

0.00074 
0.00727 

0.00626 

0.01876 

0.00660 

46.75 

No.  4 

dSS& 

Mod 

TMol...    4.026 

:2dOMt{^^::::  1.000 

UlMk 0.068 

Total...    4.088 

Total2oooto 0.868 

Avwigo 

808 

344 
366 

11.66 

12.86 
28.01 

0.00680 
0.00727 

0.00477 

0.01180 

0.00703 

40.12 

- 
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equipment  and  clean  up  the  outfit  afterward  are  items  which  assume 
considerable  importance  on  a  small  three-hour  job,  while  on  a  larger 
job  this  item  would  be  negligible. 

3.  If  the  houses  had  been  painted  all  one  color  over  the  body 
and  trim,  the  spray  apparatus  manufacturers  would  have  made  a 
much  better  time  and  cost  showing.  In  the  case  of  House  No.  2 
(W.  N.  Matthews  and  Brother)  the  trim  color  was  applied  by  inex- 
perienced brush  painters,  and  if  it  had  not  been  for  this,  we  believe 
House  No.  3  would  have  made  a  still  more  favorable  showing  as  to 
time  and  cost. 

4.  We  believe  Tables  I  and  II  afford  reliable  figures  as  to  the 
cost  of  paint  and  labor  per  square  foot  between  brushing  and  spraying 


Fig.  5. — ^Appearance  of  Houses  with  Painting  Completed. 

where  the  conditions  were  all  unfavorable  to  the  spray  method.  We 
believe  these  figures  afford  a  reliable  basis  for  painting  calculations 
and  that  they  will  prove  valuable  for  comparisons  in  further  work. 
The  number  of  square  feet  to  the  gallon  of  paint  consumed  on  the  four 
jobs  ranging  from  a  minimum  of  257  sq.  ft.  per  gallon  to  a  maxi- 
mum of  425  sq.  ft.  per  gallon,  should  be  noted  particularly. 

5.  Contrary  to  our  expectations,  apparently  no  more  paint  was 
used  in  spraying  than  in  brushing.  The  two  spray  outfits  used  less 
paint  than  the  two  brush  crews,  and  the  finished  houses  show  a 
difference  in  appearance  in  proportion  to  the  paint  consumed. 
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6.  Although  seven  months  have  gone  by  since  this  test  was  com- 
pleted, there  has  been  no  formal  inspection  to  report  on  the  weathering 
of  the  paints.  Formal  inspection  will  take  place  in  October,  1922, 
after  one  year's  exposure.  An  informal  inspection  made  seven  months 
after  the  test  was  completed  shows  all  of  the  paints  in  about  the  same 
condition. 

7.  Having  completed  the  test  with  regard  to  small  houses  and 
rough  surfaces,  the  committee  believes  that  the  next  test  should  be 


Fig.  6. — Interior  Cement  Finish  before  Painting. 

on  larger  and  smoother  surfaces,  and  the  results  calculated  over  a 
period  of  several  days  of  working  rather  than  for  one  short  task. 

Comparative  Test  of  Interior  Painting  on  Cement  Finished 
Plaster  at  Carnegie,  Pa.,  October  12,  1921. 

Three  identical  wall  spaces  of  soiled  and  unpainted  cement  plaster 
(see  Fig.  6)  in  a  large  hall  in  Carnegie,  Pa.,  were  marked  off;  each 
having  an  area  of  205  sq.  ft.  On  space  No.  1,  two  expert  brush  men 
coated  the  surface  in  17^  minutes.  On  space  No.  2,  one  spray  man 
(Matthews)  coated  the  surface  in  12 J  minutes  and  on  space  No.  3, 
one  spray  man  (DeVilbiss)  <:overed  the  space  in  12  minutes.     Both 
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of  the  areas  sprayed  showed  considerably  better  hiding  than  the 
brushed  space.     The  brush  men  worked  at  extreme  speed. 

On  the  ceiling  work,  two  men,  one  using  a  Matthews  Gun  and  the 
other  a  DeVilbiss,  sprayed  3400  sq.  ft.  in  2  hours  and  15  minutes. 

Taking  the  ceiling  and  wall  work  together,  4000  sq.  ft.  were 
sprayed  with  29  gal.  of  paint,  one  coat,  giving  much  better  hiding 
than  the  brush  work. 

Table  III. — Interior  Painting  Comparative  Test. 
Brush  versus  Spray  on  Cement  Finished  Plaster  in  Large  Hall  at  Carnegie,  Pa., 

October  12,  1921. 


Method. 

nuntini 

2  Men. 
min. 

I  Time. 

IMan. 
min. 

Area. 
sq.ft. 

Area  per  Minute, 
«I.ft. 

Cost  per 
Section 
at  tl.35 
per  Hour, 
dollars. 

Cost  per 

IMan. 

2  Men. 

dollars. 

Wall 
Section 

No.  1 

No.  2 

No.  3 

BruBh.  2  Men 

Spray.  1  Man, 
Mattbeira  Outfit 

DeViJl^  Outfit 

17i 
/ 

34J 
12i 

12 

205 
205 

205 

5.95 
16.40 

17.80 

0.776 
0.2812 

0.27 

0.00378 
0.00137 

0.00131 

CeiliDS 

2Men 

lllatthewBOun 
iDeVilbiflBGun 

135 

270 

3400 

12.59 

25.19 

6.08 

0.00179 

Twenty-lime  gaUons  of  paint  used  on  4000  sq.  ft  of  walls  and  ceiling,  or  138  sq.  ft.  per  gal.  of  paint.    Material  cost 
per  tq.  ft  at  82.50  per  at.  lOlSlO.    Total.  10  01989. 

The  paint  used  in  this  test  was  very  heavy  flat  wall  finish  in 
white.  This  test  developed  that  it  is  possible  on  this  class  of  work 
to  get  much  better  hiding  with  the  spray  than  by  brushing,  for  there 
is  less  rubbing  up  of  the  dust  and  dirt  into  the  wet  paint;  moreover, 
more  paint  per  coat  can  be  applied  with  the  spray  than  by  hand 
brushing. 

Respectfully  submitted  on  behalf  of  the  sub-committee, 

R.  E.  Rogers, 
Ckairman. 
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Organized  late  in  1921,  the  sub-committee  was  able  to  plan  only 
a  limited  series  of  tests  for  summer  and  fall  exposure.  It  was  decided 
to  put  out  test  plates  in  Raritan  Bay,  N.  J.,  and  duplicate  plates  at 
Charleston,  S.  C,  representing  various  toxics  or  poisons  and  types  of 
anti-corrosive  and  anti-fouling  vehicles. 

Three  tjrpes  of  anti-corrosive  vehicles  were  selected  over  which 
three  anti-fouling  compositions  designed  for  the  particular  anti- 
corrosive  first  coat  were  applied.  Red  lead  paint  was  also  used  as 
the  anti-corrosive  imder  each  of  the  anti-fouling  compositions.  In 
addition,  a  specially  designed  anti-corrosive  and  anti-fouling  paint 
was  applied  to  one  panel  for  comparative  purposes. 

Five  panels  were  prepared  with  anti-corrosive  or  red  lead  paint 
for  each  set,  over  which  various  anti-fouling  compositions  were 
applied,  each  panel  being  divided  into  ten  sections. 

The  pigment  compositions  of  the  various  anti-fouling  prepara- 
tions were  designed  to  represent  various  proportions  of  single  toxics 
or  poisons  or  mixtures  of  these  used  with  each  of  the  anti-fouling 
vehicles  selected.  The  balance  of  the  pigment  portion  was  made  up 
of  a  mixture  of  Spanish  oxide,  zinc  oxide  and  asbestine  to  a  standard 
percentage  of  40  in  all  anti-fouling  compositions,  thus  giving  a  vehicle 
percentage  of  60.  The  poisons  used  were  yellow  mercuric  oxide,  mer- 
curic arsenate,  mercuric  phenate,  mercuric  oleate,  cupric  oxide,  cuprous 
cyanide,  zinc  cyanide  and  zinc  stearate.  It  was  hoped  that  each 
poison  could  be  assigned  a  definite  numerical  toxic  value.  We  define 
a  unit  as  the  toxic  power  of  poisonous  ingredients  such  that  it  will 
require  as  a  minimum  100  total  units  in  100  parts  by  weight  of  standard 
ship  bottom  paint  in  order  for  it  to  give  satisfaction  on  a  merchant 
vessel  in  tramp  service.  For  example,  if  it  is  found  that  an  anti-fouling 
paint  containing  not  less  than  8j  per  cent  of  yellow  mercury  oxide  is 
satisfactory  on  merchant  vessels,  or  8|  parts  for  100  parts  of  paint, 
giving  100  total  units  of  toxic  power,  by  definition,  then  we  have  8 J 
distributed  over  100  or  12  units  for  each  I  per  cent  of  toxic  ingredient. 

Various  imit  values  were  arbitrarily  adopted  for  each  poison  in 
selecting  the  percentage  to  be  used  in  the  pigment  portion,  with  the 
expectation  that  the  results  of  the  tests  would  show  the  proper  unit 
value  for  each  poison. 

For  example,  in  Panels  Nos,  2,  7,  12,  17,  22  and  27  the  following 
units  were  adopted  as  perhaps  approaching  the  correct  figure  for  each 
pf  the  eight  toxics  used: 

(394) 
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YeJlow  mercury  oxide 12 

Mercuric  arsenate 12 

Mercury  phenate 11 

Mercury  oleate 8 

Copper  cyanide 8 

Copper  oxide 5 

Zinc  cyanide 6 

Zinc  stearate , 3 

Thirty  steel  panels  representing  six  sets  of  anti-corrosive  and 
anti-fouling  compositions  and  300  coatings  were  immersed  in  Raritan 
Bay,  N.  J.,  on  August  20, 1921 ,  being  inspected  and  rated  by  committee 
members  on  October  3,  1921,  and  again  on  December  14,  1921,  after 
which  these  tests  were  discontinued  until  the  next  year  (1922). 

Duplicate  panels  were  immersed  in  Charleston,  S.  C,  harbor  on 
August  31,  1921,  and  were  inspected  on  October  31,  1921,  and  on 
February  13,  1922,  and  then  discontinued. 

Photographs  of  the  plates  were  taken  at  each  inspection. 

The  inspectors  were: 
Raritan  Bay. — ^First  inspection:   A.  M.  Muckenfuss,  G.  D.  White, 
A.  C.  Holzapfel. 

Second  inspection:   A.  M.    Muckenfuss,    G.   D.  White,  R.  L. 
Hallett. 

Charleston. — ^First  inspection:  A.  C.  Holzapfel,  Lieutenant  Hermann 
of  Charleston  Navy  Yard. 

Second  inspection:    Commandant  C.  W.  Fisher  of  Charleston 
Navy  Yard. 

The  value  of  the  different  compositions  were  judged  both  as  to 
the  preservation  of  the  steel  and  the  anti-fouling  properties,  that  is, 
the  power  of  preventing  growths  or  accumulation  of  marine  matter. 
The  tests  indicate  that  certain  of  the  anti-corrosive  compositions  have 
real  merit  and  certain  anti-fouling  vehicles  together  with  a  particu- 
lar poison  or  mixture  of  poisons  give  excellent  results.  Due  to  the 
great  number  of  compositions  tested  and  from  the  contradictory 
results  secured,  it  was  not  possible  to  decide  numerical  unit  toxic 
values  for  the  different  poisons  and  the  results  in  general  merely  indi- 
cate preliminary  data  for  further  experiments  in  1922. 

Results  of  Inspection. 
In  presenting  the  results  on  each  panel  immersed  in  sea  water, 
the  photographs  of  the  Raritan  panels  at  the  time  of  the  first  inspec- 
tion are  shown  with  the  exception  of  Fig*  13,  in  which  case  the  panel 
exposed  at  Charleston  is  shown  at  the  time  of  the  second  inspection. 
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Below  the  photograph  is  a  diagram  of  the  panel  in  the  position  in  which 
it  was  inunersed,  showing  the  position  of  each  paint.  On  the  space 
for  each  paint,  in  the  middle  is  put  the  percentage  of  toxic  ingredient 
in  the  whole  composition,  the  following  symbols  being  used: 

At  Mercury  oxide,  yellow; 

B,  Mercuric  arsenate; 

C,  Mercury  phenate; 

D,  Mercury  oleate; 

E,  Copper  cyanide; 

Ff  Copper  oxide,  scale; 
(7,  Zinc  cyanide; 
Hf  Zinc  stearate. 

The  upper  and  lower  paints  on  each  panel  consist  either  of  only 
one  coat  of  anti-corrosive  paint  or  of  the  standard  used  for  comparison, 
Norfolk  Navy  No.  19.     This  latter  consisted  of: 

Indian  red 12. 43  per  cent 

Mercury  oxide,  red 6. 22 

Zinc  oxide 12. 96 

Wood  alcohol 42.60 

Shellac  A 12. 42 

Pine  tar  oil 6. 68 

Turpentine 6. 68 

To  each  of  the  eight  paints  in  a  panel,  the  following  base  pigment 
was  added,  enough  to  make  a  total  of  40  per  cent  of  pigment  in  each 
paint. 

Zinc  oxide » 24. 3  per  cent 

Spanish  red  oxide 57. 1        " 

Asbestine 18.6        " 

Every  set  of  five  panels  contained  a  different  combination  of  anti- 
corrosive  paint  and  anti-fouling  vehicle.  In  all  cases,  the  latter  was 
60  per  cent  of  the  paint. 

In  Panels  Nos.  1,  2,  3,  4,  5,  6,  7,  8,  9,  and  10,  the  following  was  the 
composition  of  the  anti-fouling  vehicle  (No.  l): 

Rosin 40  per  cent 

Raw  linseed  oil 6        " 

Ozokerite 2        " 

Petroleum  spirits 52        " 

One  coat  of  anti-corrosive  paint  was  applied.  This  was  followed 
by  one  coat  of  anti-fouling  paint.  The  first  was  allowed  to  dry  24 
hours  and  the  last,  24  hours,  before  immersion,  except  the  delay  noted 
in  the  case  of  Charleston.  The  red  lead  was  allowed  to  dry  for  tour 
days. 
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In  Panels  Nos.  1,  2,  3,  4,  and  5,  the  following  was  the  composition 
of  the  anti-corrosive  paint  (No.  l): 

Spanish  red  oxide 20       per  cent 

Asbestine 10  " 

Stearine  pitch 12. 66        " 

Gilsonite  asphalt 12. 66        " 

Coal-tar  oil 44. 67 

In  Panels  Nos.  6,  7,  8,  9,  10,  16, 17,  18, 19, 20,  26,  27,  28,  29,  and  30, 
the  anti-corrosive  paint  was  the  following  (No.  2) : 

Red  lead  (98  per  cent  PbiO*) 79. 69  per  cent 

Raw  linseed  oil 19. 31        " 

Turpentine  dryer 1 .  00       " 

In  Panels  Nos.  11,  12,  13,  14,  15,  16,  17,  18,  19,  and  20,  the  anti- 
fouling  vehicle  was  (No.  2) : 

Wood  alcohol 4  pints,  3  gills 

Shellac  A , 1  lb.  8  oz. 

Pine  tar  oil 3  gills 

Turpentine 3  gills 

In  Panels  Nos.   11,  12,  13,  14,  and  15,  the  anti-corrosive  was 
Norfolk  Navy  No.  17  (No.  3): 

Wood  alcohol 52 .  89  per  cent 

Shellac  A 6.58 

Turpentine 4. 32 

Pine  tar  oil 4. 32 

Zinc  dust 8.10 

Zinc  oxide 24. 29 

Norfolk  No.  17  was  also  the  antircorrosive  under  Norfolk  No.  19. 
In  Panels  Nos.  21,  22,  23,  24,  25,  26,  27,  28,  29,  and  30,  the  com- 
position of  the  anti-fouling  vehicle  was  (No.  3) : 

Crude  mineral  oil 21  lb. 

Pale  gloss  oil 36  lb. 

Benzol 3  gal. 

Grinding  japan 3  gal. 

In  Panels  Nos.  21,  22,  23,  24,  and  25,  the  composition  of  the  anti* 
corrosive  paint  was  (No.  4) : 

Aluminum  stearate 30  lb. 

English  china  clay 200  lb. 

60-per-cent  brown  oxide 800  lb. 

Purple  oxide 1400  lb. 

Red  lead 500  lb. 

Rubbing  varnish 300  lb. 

Grinding  japan 500  lb. 

Petroleum  spirits ,,,,,,,. 100  lb. 
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Benzol 19  gaL 

Pale  gloss  oil 19  gal. 

Naphtha 50  gal. 

All  spaces  marked  "no  second  coat"  were  so  treated  because 
the  calculated  percentages  of  toxic  ingredient  were  too  great  for  proper 
application  of  the  paint. 

Certain  other  spaces  were  given  a  coat  of  Norfolk  No.  19  because 
the  compositions  as  made  up  coagulated.  This  applies  to  second 
coats.  In  such  cases,  Norfolk  No.  17  was  not  used  as  first  coat, 
which  was  the  same  as  contiguous  paints. 

Panel  No.  31  consisted  of  special  paints,  each  of  independent 
composition.  The  first  four  contained  uranium  oxide  and  formed  a 
group.     The  compositions  follow: 

On  Panel  No..31,  the  left  side  (five  paints)  received  one  coat  of  the 
same  anti-corrosive  as  Panels  Nos.  1  to  5,  inclusive,  namely,  the 
stearine  pitch  anti-corrosive. 

The  right  side  (one  paint)  received  two  coats  of  the  following 
anti-corrosive: 

Zinc  dust 1  lb. 

"Zinc  oxide 3  lb. 

Ester  gum  liquid 3  qt. 

Paints  Nos.  301,  302,  303,  304,  and  305  received  second  coats  of 
anti-fouling  paint  containing  60  per  cent  of  the  same  anti-fouling 
vehicle  as  Panels  Nos.  1  to  10,  inclusive,  namely,  the  rosin-linseed 
varnish. 

The  pigments  ot  the  first  four  anti-fouling  paints  were: 

r,  X  ''       u  1         •   i.  Paint        Paint        Paint         Paint 

Percentages  in  whole  paint:  No.  30i.     No.  302.     No.  303.     No.  304. 

Zinc  oxide 10  10  10  8 

Iron  oxide 17  16  15  14 

Asbestine 12  1  U  10 

Uranium  oxide 1  2  4  8 

The  pigment  for  the  anti-fouling  of  Paint  No.  305  had  the  fol- 
lowing composition,  the  percentages  being  those  of  the  whole  paint: 

Iron  oxide 13.5  per  cent 

Asbestine 5. 25 

Mercury  oxide 3. 75 

Mercury  oleate 5 .  00. 

Copper  oxide 10. 00 

Mercury  borosalicylate 2.5 

The  composition  of  the  third  coat  of  anti-fouling  paint  for  Paint 
No.  306  was: 
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Zinc  oxide 240  lb. 

Silica ' 220  lb. 

Mercury  oxide 120  lb. 

Mercury  bichloride 10  lb. 

Paris  green 100  lb. 

Ester  gum  liquid 84  gal. 

The  ester  gum  liquid  referred  to  above  consisted  of: 

Ester  gum  (neutral) 45  per  cent 

90-per-cent  benzol 45        " 

Spar  varnish 10       " 

The  upper  and  lower  portions  of  Panel  No.  31  were  not  numbered. 

In  the  diagrams  of  the  panels,  on  the  horizontal  paint  strips  the 
number  shown  in  boldface  in  the  upper  left  comer  is  the  paint  number, 
and  the  Raritan  Bay  inspection  grades  are  shown  at  the  right  hand 
end.  The  grades  immediately  to  the  left  of  these  are  those  of  the 
Charleston  inspections.  In  the  vertical  paint  strips  (eight  paints  on 
each  plate),  the  number  in  boldface  is  the  paint  number.  Immedi- 
ately below  this  are  the  grades  for  the  Charleston  inspections.  In  the 
bottom  portion  of  these  vertical  spaces  are  to  be  foxmd  the  grades  of 
the  Raritan  Bay  inspections.  In  any  group  of  (usually  four)  figures 
for  inspection  at  any  one  locality,  the  left  figures  represent  the  first 
inspection  and  the  right  figures,  the  second  inspection.  In  these  same 
groups,  the  upper  figures  are  the  inspections  for  corrosion  and  the 
lower  figures  (in  italics)  are  for  fouling.  In  the  second  Charleston 
inspection  it  frequently  happened  that  only  a  portion  of  the  paints 
of  a  panel  were  inspected,  because  the  destruction  of  the  coatings 
had  gone  too  far. 

The  following  grades  were  used: 

Corrosion:  Best  grade,  10  (least  corrosion) ;  poorest  grade,  1. 

Fouling:  Best  grade,  10  (least  fouling);  poorest  grade,  1. 

It  was  found  that  copper  compounds  alone  or  in  mixtures  with 
other  poisons  gave  excellent  anti-fouling  properties  in  Raritan  Bay, 
N.  J.,  but  were  not  as  satisfactory  as  the  mercury  compounds,  at 
Charleston,  S.  C,  and  as  representing  two  marine  conditions  which 
are  most  common,  these  compounds  were  selected  for  the  work  of 
1922,  and  other  poisons  omitted.  Further  tests  are  to  be  made  with 
the  same  vehicles  as  used  in  1921  or  these  modified  slightly  and  in 
addition  new  compositions  suggested  to  the  committee. 

Respectfully  submitted  on  behalf  of  the  sub-committee, 

A.   M.   MUCKENPUSS, 

Chairtnan. 
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Fig.  5. — Panel  No.  5.     Photograph  of  Raritan  Bay  Panel,  First  Inspection. 
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Fig.  9. — Panel  No.  9.     Photograph  of  Raritan  Bay  Panel,  First  Inspection. 
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Fig.  10. — Panel  No.  10.     Photograph  of  Raritan  Bay  Panel,  First  Inspection. 
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Fig.  U. — Panel  No.  11.     Photograph  of  Raritan  Bay  Panel,  First  Inspection. 
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Fig.  13. — Panel  No.  13.    Photograph  of  Charleston  Panel,  Second  Inspection. 
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Fig.  14.— Panel  No.  14.    Photograph  of  Raritan  Bay  Panel,  First  Inspection. 
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Fig.  25. — Panel  No.  25.     Photograph  of  Raritan  Bay  Panel,  First  Inspection. 
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Fig.  26. — Panel  No.  26.     Photograph  of  Raritan  Bay  Panel,  First  Inspection. 
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Fig.  29. — Panel  No.  29.     Photograph  of  Raritan  Bay  Panel,  First  Inspection. 
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REPORT  OF   COMMriTEE   D-2 

ON 

PETROLEUM   PRODUCTS  AND   LUBRICANTS. 

Committee  D-2  has  held  foar  meetings  during  the  past  year. 
The  membership  has  been  increased  to  a  total  of  63  consisting  of  32 
non-producers  and  31  producers.  Additional  sub-committees  on 
Gas  Oil  and  on  Organic  Acidity  have  been  created. 

The  committee  recommends  for  adoption  as  standard,  without 
amendment,  the  present  Tentative  Method  of  Test  for  Melting 
Point  of  Paraffin  Wax  (D  87  -  21  T).» 

The  committee  recommends  for  adoption  as  standard  the  Tenta- 
tive Method  of  Test  for  Flash  Point  by  Means  of  the  Pensky-Martens 
Closed  Tester  (D  93  -  21  T)*  with  the  following  amendment: 

Section  3  {/). — After  the  second  sentence,  add  a  sentence  to 
read  as  follows: 

"The  first  application  of  the  test  flame  shall  be  made  at  a  temperature  at 
least  30®  F.  below  the  actual  flash  point." 

The  committee  recommends  the  following  revisions  in  the  present 
Standard  Methods  of  Testing  Lubricants  (Viscosity)  (D  47  -  21)' 
for  publication  as  tentative : 

Section  6  (a). — Change  the  third  sentence  to  read  as  follows 
by  the  addition  of  the  italicized  figures: 

"At  the  bottom  of  the  standard  oil  tube  is  a  small  outlet  tube  through 
which  the  oil  to  be  tested  flows  into  a  receiving  flask,  Fig.  3,  whose  capacity 
at  20""  C.  {68°  F.)  to  a  mark  on  its  neck  is  60  (±0.15)  cc." 

Section  6  (b). — Add  the  following  dimension  to  the  table  included 
in  Section  6  (b): 

"Depth  of  cylindrical  part  of  container,  minimum,  cm 8.8." 

Add  a  new  section  to  read  as  follows: 

"The  Saybolt  Standard  Universal  Viscosimeter  shall  not  be  used  for  times 
of  flow  less  than  32  seconds." 

Attention  is  called  to  the  recommendation  of  Sub-Committee 
V  on  Viscosity  that  the  inside  diameter  of  the  outlet  tube  of  the  Say- 
bolt  Standard  Universal  Viscosimeter  be  fixed  by  an  equation  of  the 
form  suggested  in  the  report  for  1921,  and  that  the  mean  A  value 
should  be  0.00216.     During  the  coming  year  the  committee  intends 

«  Proceedings.  Am.  Soc.  Test.  Mats.,  Vol.  21.  p.  638  (1921). 

« Ibid.,  p.  655. 

•  1921  Book  of  A.S.T.M.  SUndards. 
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to  adopt  tolerances  for  normal  A  value  of  0.00216,  and  invites  criti- 
cisms and  suggestions. 

The  committee  reconunends  the  revision  of  the  Tentative  Method 
of  Test  for  Cloud  and  Pour  Points  of  Petroleum  Products  (D  97  -  21  T) 
as  shown  in  the  report  of  Sub-Committee  XVI  on  Cloud  and  Pour 
Test,  and  further  reconmiends  that  with  these  revisions  the  method 
be  continued  as  tentative. 

The  committee  is  presenting  for  publication  as  tentative  the 
following  additional  methods  of  test: 

Tentative  Method  of  Test  for  Melting  Point  of  Petrolatum. 
Tentative  Method  of  Test  for  Sulfur  in'  Petroleum  Oils  Heavier 

Than  Illuminating  Oil. 
Tentative  Method  of  Test  for   Detection  of  Free  Sulfur  and 

^Corrosive  Sulfur  Compounds  in  Gasoline. 
Tentative  Method  of  Analysis  of  Grease. 

The  committee  recommends  that,  contingent  upon  the  accept- 
ance by  the  Society  of  the  Method  of  Test  for  Detection  of  Free 
Sulfur  and  Corrosive  Sulfur  Compounds  in  Gasoline,  the  present 
Tentative  Method  of  Test  for  Detection  of  Free  Sulfur  and  Corrosive 
Sulfur  Compounds  in  Petroleum  Products  (D  89-21  T)*  be  with- 
drawn. 

The  committee  recommends  the  use  of  the  term  "A.P.I.''  in 
designating  gravity  based  on  the  141.5  modulus. 

Appended  hereto  are  reports  of  Sub-Committees  I,  III,  IV,  V, 
VI,  VII,  XI,  XII,  XVI  and  XVII. 

This  report,  and  the  methods  of  test  recommended  for  adoption 
as  standard  and  submission  as  tentative  standards,  have  been  sub- 
mitted to  letter  ballot  of  the  committee,  which  consists  of  63  members. 
38  ballots  have  been  returned,  and  25  members  have  refrained  from 
voting. 

Affirm-     Xeg-       Not 
CTivE.     ATiVE.  Voting. 

General  Report 30        0  8 

Adoption  as  Standard  of  the  Tentative  Method  of  Test  for 
Flash  Point  by  Means  of  the  Pensky-Martens  Closed  Tester 
(D  93-21  T) 36         0  2 

Adoption  as  Standard  of  the  Tentative  Method  of  Test  for 

Melting  Point  of  Paraffin  Wax  (D  87  -  21  T) 34         0  4 

Proposed  Revision  of  the  Standard  Methods  of  Testing  Lubri- 
cants (Viscosity)  (D  47  -  21) 35         I  2 

Proposed  Revision  of  the  Tentative  Method  of  Test  for  Cloud 
and  Pour  F^oints  of  Petroleum  Products  (D  97  -  21  T) ..... .       32         1  5 

»  Proceedings,  Am   Sue.  Test.  Mats.  Vol.  21,  p,  643  (1921). 
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ArpiRM-    Nbg-       Not 

ATIVE.      ATIVB.    VOTING. 

Proposed  Tentative  Method  of  Test  for  Melting  Point  of  Petro- 
latum        24        3  11 

Proposed  Tentative  Method  of  Analysis  of  Grease 29         I  8 

Proposed  Tentative  Method  of  Test  for  Sulfur  in  Petroleum 
Oils  Heavier  Than  Illuminating  Oil 31         0  7 

Proposed  Tentative  Method  of  Test  for  Detection  of  Free  Sul- 
fur and  Corrosive  Sulfur  Compounds  in  Gasoline 33        0  5 

Withdrawal  of  Tentative  Method  of  Test  for  Detection  of  Free 
Sulfur  and    Corrosive    Sulfur    Compounds    in    Petroleum  , 

Products  (D  89  -  21  T) 29         3  6 

Respectfully  submitted  on  behalf  of  the  committee, 

C.  P.  Van  Gundy, 

ChQirman. 
K.  G.  Mackenzie, 

Secretary. 


Editorial  Note. 

The  Tentative  Method  of  Test  for  Flash  Point  by  Means  of  the 
Pcnsky-Martens  Closed  Tester  amended  as  indicated  in  this  report 
and  the  Tentative  Method  of  Test  for  Melting  Point  of  Paraffin  Wax 
were  approved  at  the  annual  meeting  and  subsequently  adopted  as 
standard  by  letter  ballot  of  the  Society  on  August  25,  1922,  and  appear 
in  the  supplementary  pamphlet  of  A.S.T.M.  Standards  Adopted  in 
1922. 

The  proposed  revisions  of  the  Standard  Methods  of  Testing 
Lubricants  (Specific  Gravity,  Free  Acid,  Carbon  Residue,  Viscosity) 
were  accepted  for  publication  as  tentative  and  appear  on  page  991, 

The  proposed  revisions  of  the  Tentative  Method  of  Test  for 
Cloud  and  Pour  Points  of  Petroleum  Products  referred  to  in  this  report 
were  accepted.  The  method  of  test  as  thus  revised  appears  on  page 
781. 

The  proposed  Tentative  Method  of  Test  for  Melting  Point  of 
Petrolatum,  the  proposed  Tentative  Method  of  Analysis  of  Grease, 
the  proposed  Tentative  Method  of  Test  for  Sulfur  in  Petroleum  Oils 
Heavier  than  Illuminating  Oil  and  the  proposed  Tentative  Method 
of  Test  for  Detection  of  Free  Sulfur  and  Corrosive  Sulfur  Compounds 
in  Gasoline  were  accepted  for  publication  as  tentative  and  appear  on 
pages  766-780. 

The  withdrawal  of  the  Tentative  Method  of  Test  for  Detection 
of  Free  Sulfur  and  Corrosive  Sulfur  Compounds  in  Petroleum  Products 
was  approved. 
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REPORT  OF  SUB-COMMITTEE  I  ON  PETROLATUM. 

For  use  in  obtaining  the  melting  points  of  petrolatum  the  report 
of  this  sub-committee  last  year  proposed  a  special  thermometer 
having  a  solid  glass  extension  below  the  mercury  bulb.  Objection 
has  been  made  to  the  construction  on  two  accounts:  First,  the  solid 
piece  of  glass  might  introduce  the  element  of  lag  which  we  were  trying 
to  overcome  by  leaving  the  mercury  bulb  uncovered,  and  second, 
it  required  the  stocking  of  one  other  special  thermometer.  The 
second  objection  can  he  overcome  by  recommending  the  use  of  the 
"A.S.T.M.  Paraffin  Wax  Melting  Point  Thermometer"  adopted 
last  year  as  part  of  the  Tentative  Method  of  Test  for  Melting  Point 
of  Paraffin  Wax  (D  87  -  21  T).  Briefly,  this  is  an  ctched-stem  mer- 
curial thermometer  368  mm.  long,  having  a  range  of  80  to  160®  F. 
graduated  in  0.2®  F.  with  cylindrical  bulb  of  a  diameter  not  greater 
than  the  stem  and  28  mm.  long,  to  be  used  at  3i-in.  immersion.  The 
objection  to  lag  is  overcome,  or  at  least  reduced  to  less  than  experi- 
mental error,  by  coating  as  directed  in  the  proposed  tentative  method. 

In  order  to  test  out  the  new  method,  a  set  of  four  samples  each 
was  sent  by  the  chairman  of  the  sub-committee  to  each  of  its  mem- 
bers. These  samples  were  tested  and  reported  upon,  the  results 
being  recorded  in  Table  I.  The  reports  have  brought  out  two  inter- 
esting points:  First,  the  low  variations  in  results  of  individual  oper- 
ators, as  well  as  the  small  extreme  differences  between  highest  and 
lowest  values  on  the  same  sample  by  different  observers,  and  second, 
the  fact  that  three  of  the  operators  reporting  did  not  have  the  pre-  . 
scribed  thermometers,  but  did  use  those  having  cylindrical  bulbs 
of  different  lengths  and  for  immersions  varying  from  f-in.  to  total. 

Recent  studies  by  Sub-Committee  XVI  in  cloud  and  pour  tests 
indicated  that  oils  submitted  to  a  temperature  of  175®  F.  gave  more 
uniform  solidifying  points  as  shown  by  pour  test  than  when  heated 
to  lower  temperatures.  These  facts  give  assurance  that  the  method 
makes  use  of  right  principles. 

The  thermometer  used  by  Laboratory  No.  1  as  shown  in  the 
accompanying  table  was  533  mm.  long,  range  80  to  150®  F.,  graduated 
0.1®  F.,  cylindrical  bulb  22  mm.,  scaled  for  total  immersion,  stem 
correction  not  applied.  Those  used  by  Laboratory  No.  5  were  of  a 
type  having  a  range  80  to  150®  F.,  graduated  0.25®  F.,  cylindrical 
bulb  9  to  11  mm.  long,  scaled  for  }-in.  immersion.  The  readings 
on  Sample  D  by  Laboratory  No.  5  are  consistent  among  themselves 
but  are  so  much  higher  than  the  average  that  they  are  omitted  from 
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the  final  figures.  Either  they  are  reported  incorrectly  or  the  temper- 
atures do  not  represent  the  exact  time  of  the  first  drop,  judging  from 
the  very  good  checks  on  Sample  D  by  the  other  Laboratories.  The 
figures  for  Sample  B  from  the  report  of  laboratory  No.  3  are  also 
omitted.  Each  sample  of  the  series  was  large  enough  to  more  than 
fill  all  of  the  small  samples  sent  out  and  the  two  that  were  blended 
were  heated  to  a  high  enough  temperature  to  insure  thorough  melting 


Table  I.- 

-Results  of 

Investigation  on  Melting  Point  of 

Petrolatum. 

Petro- 
latum. 

Melting  Point. 

Thermometer. 

Ubo- 
retory. 

Ist 

Test. 

2d 
Te«t. 

3d 
Test. 

Aver- 
age. 

By 
Routine 
Method. 

Ungth 
of  Stem 

mm. 

Length 
ofBiHb. 

mm. 

Immer- 
sion. 

Gradu- 
ation. 

Range.' 

No.  1 . . 

A 
B 
C 
D 

A 
B 
C 
D 

A 
B 
C 
D 

A 

B 
C 

D 

A 
B 
C 
D 

A 

B 
C 
D 

A 
B 
C 
D 

129.8 
126.5 
122.9 
109.8 

128.4 
124.2 
120.2 
110.0 

130.5 
129.2 
122.0 
111.4 

132.75 
129.25 
123.15 
114.75 

128.8 
124  6 
121.2 
109.4 

130.4 
127.6 
123.2 
110.1 

131.3 
125.6 
121.9 
109.5 

127.6 
124.0 
120.4 
109.8 

130.3 
127.4 
122.3 
109.6 

132.25 
127.50 
123.35 
114.00 

128.0 
126.0 
121.8 
109.0 

130  8 
127.0 
122.6 
110.4 

129  5 
125.8 
122.3 
109.9 

128.6 
123.8 
120.4 
108.4 

132.7 
127  0 
122.8 
110.2 

127.00 
128.75 

ii4.75 

128.8 
124.2 
121.6 
110.6 

131.8 
126.0 
122.5 
110.8 

130.2 
125.6 
122.4 
109.7 

128  2 
124  0 
120.3 
109.1 

132.0 
132.0 
123.8 
109.4 

131.2 
127.9 
122.4 
110.4 

132.5 
128.15 
123.25 
114.50 

128.5 
124.6 
121.6 
109.7 

131.0 
126.8 
122.8 
110.4 

130 
125 
121 
108 



133.3 
127.5 
122.3 
109.2 



533 

i'350 
\300 

368 

22 

25 
25 

28 
9-11 

Total 

3-in. 
3i-in. 

J-in. 

0.1'F. 

0.2»F. 
0.25* F. 

80-150*  F. 

No.  2.., 

No.  3.. 
No.  4.. 

20-400*  F. 
0-150*0. 

80-160*  F. 

No.  5.., 

80-150* F. 

No.  6.. 

No.7..| 

Average  A,  7  laborato'ries,  130 . 1 1 

B.  6  laboratories.  125.94 

'*       C.  7  laboratories,  122 .28 

"       D.  6  laboratories.  109 .93 

and  mixing.  Either  the  melting  point  of  Sample  B  is  incorrectly 
reported  or  Samples  A  and  B  sent  to  Laboratory  No.  3  were  identical. 
With  these  two  figures  out,  the  extreme  differences  between  the 
highest  and  lowest  values  are:  Samples  A,  4.3°;  5,  4.15°;  C,  3.5°; 
D,  1.3°  F.;  the  average  melting  point  for  the  four  samples  being  A, 
130.11°;  S,  125.94°;  C,  122.28°;  D,  109.92°  F.  The  extreme  diflfer- 
ences,  it  will  be  noted,  are  between  one  set  of  consistent  results  but 


Digitized  by 


Google 


On  Petrolatum.  421 

uniformly  lower  than  the  average  and  another  set  uniformly  higher 
than  the  others  and  the  average. 

Of  the  four  samples  submitted,  A  and  C  were  straight  runs, 
B  a  mixture  of  equal  parts  A  and  C,  and  D  a  mixture  of  30  per  cent 
Sample  C  and  70  per  cent  of  a  filtered  cylinder  oil  of  poor  pour  test. 

The  criticism  that  the  method  is  slow  is  justified  but  this  can  be 
tolerated  in  a  referee  method  so  long  as  the  results,  particularly  on 
such  a  product  as  petrolatum,  are  reproducible.  Operators  using 
this  method  will  soon  learn  where  the  time  can  be  shortened,  but  for 
work  in  close  decisions,  the  method  should  be  exactly  followed. 

The  sub-committee  herewith  *  presents  for  consideration  as  a 
tentative  standard  a  method  for  obtaining  the  melting  point  of 
petrolatum. 

Respectfully  submitted  on  behalf  of  the  sub-committee, 

Florus  R.  Baxter, 
Chairman. 


'  See  p.  766. — El?. 
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REPORT  OF  SUB-COMMITTEE   III  ON   PARAFFIN   WAX. 
The    sub-committee    submits    for    information    the    following 
method  of  determination  of  oil  and  moisture  in  wax  and  upon  which 
the  sub-committee  invites  criticism  and  suggestions: 

'  Oil  and  Moisture  in  Paraffin  Wax. 

Apparatus. — 

Wax  Press. — A  lever  press  with  a  pressing  surface  5 J  to  51  in.  in  diameter 
and  capable  of  producing  a  pressure  of  1000  lb.  per  sq.  in.  shall  be  used. 
Balance. — A  balance  accurate  to  *  1  mg.  shall  be  used. 
Linen. — Two  pieces  of  linen  cut  to  fit  the  wax  press  cup.     (Mote:   Grade 
of  linen  to  be  specified,  Silesia  suggested.) 

Blotters. — Circular  blotters  to  fit  press  plate. 
Food  chopper  or  nutmeg  grater. 
Minor  accessories,  container  for  wax  and  thermometer. 
Preparation  of  Samples. — ^Solid  wax  should  be  freed  from  all  foreign  substances 
such  as  dirt,  sticks,  etc.,  before  sampling.     Care  should  be  taken,  however,  not  to 
wipe  from  the  surface  any  oil  and  moisture  which  may  be  present.    Remove  portions 
of  the  wax  from  the  surface  and  interior,  so  as  to  fairly  represent  the  quantity  to  be 
examined.    The  wax  is  then  pulverized  in  a  food  chopper  or  in  any  other  convenient 
manner,  and  quartered  for  the  final  sample. 

Procedure. — The  finely  powdered  wax  is  then  placed  in  a  pan  and  cooled  in  a 
refrigerator  until  the  wax  has  reached  a  temperature  of  60'  F.  The  wax  is  then 
removed  from  the  refrigerator  to  a  room  maintained  at  60'  F.  Two  linen  cloths 
are  weighed;  then  30  to  35  g.  of  the  sample  are  placed  on  top  of  them,  and  the 
total  weight  determined.  The  wax,  etc.,  are  removed  from  the  balance  pan  and 
the  lower  disk  of  linen  placed  over  the  wax.  The  sample  which  has  been  thus  pre- 
pared is  placed  between  blotters,  two*  on  each  side. 

The  wax  is  then  pressed  for  ten  minutes  under  a  pressure  of  1000  lb.  per  sq.  in. 
The  wax,  blotters,  etc.,  are  removed  from  the  press,  and  blotters  removed  from 
the  wax,  and  then  linens  and  wax  weighed. 

The  loss  in  weight  represents  oil  and  moisture. 

Weight  of  cloths  and  wax  before  pressing   —  Weight  of  * 

Percentage  Oil      cloths  and  wax  after  pressing 

and  Moisture  Weight  of  wax  before  pressing. 

Respectfully  submitted  on  behalf  of  the  sub-committee, 

C.  K.  Francis, 

Chairman. 


REPORT  OF  SUB-COMMITTEE  IV  ON   GREASE. 
The  sub-committee  presents  for  publication  as  tentative  the 
proposed  Tentative  Method  of  Analysis  of  Grease  as  appended  hereto.* 
Respectfully  submitted  on  behalf  of  the  sub-committee, 

G.  Cash, 
Chairman, 

'  >  Three  If  wax  contains  considerable  oil. 
*  See  p.  768.— Ed. 
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REPORT  OP  SUB-COMMITTEE  V  ON   VISCOSITY. 

The  sub-committee  recommends  that  the  table  given  in  its  report 
for  1921*  be  revised  as  follows: 

"The  following  table  shows  the  approximate  relation  between  time  Say- 
bolt  Universal  and  time  Say  bolt  Furol,  and  is  given  merely  as  a  guide  in  deter- 
mining which  instrument  to  use,  in  accordance  with  the  instruction  of  Sec- 
tion 4  of  the  Saybolt  Pufol  test.*  It  should  not  be  used  for  viscosimeter 
conversions. 


TiMB   PUROL, 

Time  Ratio, 

TlMB   PUROL. 

Time  Ratio. 

SECONDS. 

Univbrsal-Purol. 

SECONDS. 

Univbrsal-Purol. 

25 

8.69 

50 

9.68 

30 

9.08 

75    . 

9.86 

35 

9.33 

100 

9.94 

40 

9.49 

•    150 

9.99 

200  and  over      10.00 

The  sub-committee  recommends  the  following  tentative  revisions 
of  the  present  Standard  Methods  of  Testing  Lubricants  (Viscosity) 
(D  47-21):' 

Section  6  (a). — Change  the  third  sentence  to  read  as  follows  by 
the  addition  of  the  italicized  figures: 

'*At  the  bottom  of  the  standard  oil  tube  is  a  small  outlet  tube  through 
which  the  oil  to  be  tested  flows  into  a  receiving  flask,  Pig.  3,  whose  capacity 
at  20"*  C.  (tf.?*  P.)  to  a  mark  on  its  neck  is  60  (*0.15)  cc." 

Section  6  (b). — Add  the  following  dimension  to  the  table  included 
in  Section  6  (6) : 

"Depth  of  cylindrical  part  of  container,  minimum,  cm 8.8.*' 

Add  a  new  section  to  read  as  follows: 

"The  Saybolt  Standard  Universal  Viscosimeter  shall  not  be  used  for 
times  of  flow  less  than  32  seconds." 

In  the  1921  report  the  sub-committee  presented  an  equation  con- 
necting absolute  viscosity  with  time  of  flow,  as  the  most  permanent 
and  desirable  method  of  standardizing  a  viscosimeter,  since  either  a 
calibrating  liquid  or  an  instrument  is  subject  to  change  or  destruction. 

In  continuing  the  work  of  standardizing  the  Saybolt  Universal 
viscosimeter,  it  was  necessary  to  take  the  following  steps: 

(a)  To  agree  on  the  viscosity,  Saybolt  Universal,  of  a  calibrating 
liquid  at  a  given  temperature. 

*  Procetdings,  Am.  Soc.  Test.  MaU..  Vol.  21,  p.  362  (1921). 
> /bid.,  p.  642. 

•  1921  Book  of  A.S.T.M.  SUndardft. 
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424         Report  of  Sub-Committee  V  of  Committee  D-2. 

(6)  To  agree  on  the  kinematic  viscosity  of  this  liquid  at  the  same 
temperature. 

(c)  To  calculate  the  A  value  from  a  B  value  of  1.80  and  the 
values  adopted  under  (a)  and  (6).     The  equation  then  becomes 

absolute  viscosity  _   a  .  _  1-80 

density  / 

where  A  =  0.00216  and  B  =  1.80. 

Samples  were  sent  to  23  laboratories  to  determine  the  Saybolt 
Standard  Universal  Viscosity  at  100°  F.  Leaving  out  a  few  scattering 
results  not  within  the  range  of  200  to  212,  the  average  value  was  found 
to  be  207  seconds.  The  next  step  was  to  agree  upon  the  kinematic 
viscosity  (the  absolute  viscosity  divided  by  the  density  at  the  same 
temperature)  and  for  this  purpose  the  same  sample  was  sent  to  three 
laboratories  supplied  with  the  Bingham  viscosimeter,  it  being  believed 
that  this  is  the  most  accurate  instrument  for  determining  absolute 
\  iscosity.  The  following  table  shows  absolute  viscosities,  from  which 
the  kinematic  viscosities  are  obtained  by  dividing  by  the  density,  0.872. 

Absolute      Kinematic 
Laboratory.  Viscosity.      Viscosity.         A  Value. 

United  Gas  Improvement  Co.,  In- 
strument No.  1 0.3831  0.4388  0.002162 

United  Gas  Improvement  Co.,  In- 
strument No.  2 0.  3838  0.  4396  0. 002166 

Bureau  of  Standards 0.3830  0.4387  0.002161 

Lafayette  College 0. 3847  0. 4407  0. 002171 

The  last  column  was  calculated  from  the  equation  given  above,  with 
/  equal  to  207,  the  Saybolt  viscosity  at  100^  F.  of  the  oil  in  question. 
The  average  A  value  is  0.002165,  but  since  the  highest  value  of  abso- 
lute viscosity  was  obtained  at  the  latest  date,  and  there  was  other 
evidence  of  a  slight  increase  in  the  viscosity  of  the  oil  with  time,  it 
seemed  best  to  adopt  the  value  of  0.00216  as  the  A  value  for  a  normal 
instrument.  Since  the  A  value  fixes  the  inside  diameter  of  the  outlet 
tube,  this  dimension  should  be  omitted  as  soon  as  suitable  tolerances 
for  the  A  value  can  be  determined. 

Respectfully  submitted  on  behalf  of  the  sub-committee, 

W.  H.  Herschel, 

Chairman. 
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REPORT  OF  SUB-COMMITTEE  VI  ON   COLOR. 

Sub-Committee  VI  has  been  engaged  in  the  study  of  the  various 
instruments  used  by  the  petroleum  industry  for  determining  color. 
The  work  has  been  divided  into  two  groups:  (l)  color  determination 
of  naphthas,  kerosenes,  etc.,  (2)  color  determination  of  lubricating  oils. 

Color  determinations  of  naphthas,  kerosenes,  etc.,  are  commer- 
cially made  on  a  Lovibond  Tintometer  or  Saybolt  Chromometer.  The 
former  instrument  is  seldom  used  in  America  and  owing  to  the  diffi- 
culty of  obtaining  it,  it  was  not  considered  by  the  sub-committee. 
In  view  of  the  general  use  of  the  Saybolt  Chromometer,  the  sub-com- 
mittee felt  that  this  instrument  should  be  adopted  for  use  by  the 
Society.  A  thorough  investigation  of  the  Saybolt  Chromometer  shows 
many  points  which  require  consideration  and  action  before  the  instru- 
ment can  be  put  into  satisfactory  shape  for  use  in  a  standard  method. 

Some  of  the  points  under  discussion  are  as  follows: 

1.  Head. — Several  members  of  the  sub-conunittee  suggested  that 
the  head  be  improved  by  introducing  refinements  in  the  manufacture 
such  as  (l)  a  positive  position  for  the  prisms  and  (2)  diaphragms  to 
eliminate  the  shadows  and  make  the  reading  more  positive  and 
accurate. 

2.  Position  of  tubes. — In  the  present  instrument  the  position  of 
tubes  is  not  sufficiently  fixed,  and  it  is  possible  for  tubes  to  be  mis- 
tiligned  with  openings  in  the  head.  Construction  should  be  changed 
so  as  to  make  the  position  positive  in  all  cases. 

3.  Diameter  of  tubes. — At  the  present  time  no  limits  exist  for  the 
internal  diameter  of  tubes.  Experimental  work  has  shown  definitely 
that  the  internal  diameter  of  the  tube  will  affect  the  readings  con- 
siderably. 

4.  Mirror. — Question  has  been  raised  as  to  suitability  of  the  mir- 
ror as  a  light  reflector,  due  to  the  fact  that  the  mirror  reflects  color 
as  well  as  light.  It  has  been  suggested  that  this  difficulty  be  over- 
come by  use  of  suitable  means  to  obtain  diffused  light. 

5.  Source  of  light. — The  original  directions  with  the  Saybolt  Chro- 
mometer call  for  use  with  northern  daylight  exposure.  In  view  of  the 
wide  variations  existing  in  daylight,  the  sub-committee  is  considering 
the  use  of  an  artificial  daylight  lamp. 

These  points  are  brought  to  your  attention  with  the  hope  that 
members  of  Committee  D-2  and  others  will  offer  suggestions  and  criti- 
cisms which  will  aid  the  sub-committee  in  its  work. 

Color  determinations  of  lubricating  oils  are  commercially  made 
using  the  Union  Colorimeter  with  the  National  Petroleum  Associa- 
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tion  color  standards.  At  the  annual  meeting  of  the  Society  in  1921, 
the  Atlantic  Colorimeter,  developed  in  the  laboratories  of  The  Atlantic 
Refining  Co.,  was  presented  to  the  Society.  During  the  past  year,  a 
similar  instrument  called  the  Tag-Robinson  Colorimeter  has  been 
developed.  The  last  two  named  instruments  are  of  the  same  type, 
measuring  the  depth  of  oil  necessary  to  match  certain  definite  stand- 
ards. Both  instruments  can  be  calibrated  to  read  N.P.A.  values, 
although  each  instrument  has  its  own  special  scale.  These  instru- 
ments are  entirely  satisfactory  for  plant  control  work  as  more  definite 
differentiation  can  be  made  than  on  the  Union  Colorimeter.  It  would 
be  undesirable  to  determine  color  on  lubricating  oil  from  a  commercial 
point  of  view  on  either  of  the  new  instruments  on  any  basis  other  than 
the  N.P.A.  values.  Experimental  work  on  the  Union  Colorimeter 
shows  .the  need  of  a  container  of  more  definite  size  than  an  ordinary 
4-oz.  sample  bottle.  The  sub-committee  has  cooperated  in  the  work 
of  determining  the  N.P.A.  value  on  the  Tag-Robinson  instrument. 
In  this  work  a  35-mm.  internal  diafneter  clear,  colorless  glass  cylinder 
was  used  in  place  of  the  ordinary  sample  bottle. 

In  order  that  suggestions  and  criticisms  will  be  made,  the  sub- 
committee is  giving  in  the  Appendix  a  method  for  Color  of  Refined  Oil 
by  Saybolt  Chromometer,  Table  I  showing  comparison  of  Saybolt 
Color  and  Potassium  Bichromate  solutions  and  common  descriptive 
terms,  and  Table  II  showing  comparison  of  N.P.A.  colors  and  Potas- 
sium Bichromate  solutions  as  worked  out  in  the  Bureau  of  Standards 
laboratory. 

Respectfully  submitted  on  behalf  of  the  sub-committee, 

T.  G.  Delbridge, 
Chairman. 
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APPENDIX. 


Color  of  Refined  Oil  by  Say  bolt  Chro.someter. 

1.  Scope, — The  color  of  all  refined  oils  (naphthas,  kerosenes,  etc.)  shall  be  deter 
mined  by  means  of  the  Saybolt  Chromometer. 

2.  Apparatus. — The  Saybolt  Chromometer  shall  consist  of  two  glass  tubes  |  in. 
in  inside  diameter.  One  glass  tube,  20  in.  long,  shall  be  permanently  closed  at  the 

Table  I. — Comparison  of  Saybolt  Color  and  Potassium  Bichromate 

Solutions. 


£& 

Common 

DwBriirtiTe 

Term. 

mg.perfit«r. 

NumbflrofDiiks. 

Heichtor 

oaTin. 

a 

ft 

Om 

20 

18 

16 

14 

12 

10.76 
9.60 
8.26 
7.26 
6.16 

10.10 
0.76 
9.00 
8.26 
7.76 
7.26 
6.76 
6.60 
0.25 
6  00 
6.75 
6.60 
5.25 
6.00 
4.75 
4.60 
4.25 
4.00 
3.76 
3.625 
3.60 
3.376 
3.26 
3.126 
3.00 
2.876 
2.76 
2.626 
2.60 
2.376 
2.26 
2.125 

Plus   26 
"      24 
"      23 
•'      22 
••      21 
"      20 
••      19 

"  {? 

"      16 

••      16 

"      14 

-      13 

..      12 

"      11 

"      10 

"       9 

••       8 

7 

6 

••        6 

4 

3 

"        2 

"        1 

0 

MiDWl 

"      2 
"      3 
••      4 
••      6 

"      6 

..      7 

"      8 
••      9 
••    10 
"    11 
..    12 

"    13 
"    14 

"     16 
••     16 

Water  WUto 

Prime  WhiU 

4.8 

12.0 

•• 

•• 

•• 

6.1 

" 

•• 

*• 

••       * 

•♦ 

Two 

•• 

•• 

•• 

•• 

•• 

19.0 

•• 

SUndtfd  White. . 

•• 

•• 

•• 

*• 

•• 

•• 

•• 

•• 

30.0 

•• 

•• 

•• 

" 

•• 

•• 

•• 

•• 

•• 

•• 

•• 

M 

•• 

•• 

•• 

•• 

«  These  values  are  from  BuiUHn  No.  6,  Committee  on  Staodardizstibn  of  Petroleum  SpeeifieatloM. 
*  These  values  are  froiu  The  Atlantic  Refining  Co.  experimental  work.    Water  at  60*  V. 
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bottom  with  a  colorless,  piano  glass  disk.  This  glass  tube  shall  be  graduated  in 
i-in.  divisions  numbered  in  inches,  and  shall  he  provided  with  a  small  pet-cock 
located  at  tlie  bottom  of  the  tuIic  for  the  punx)sc  of  draining  the  same.  The  other 
tube,  19  in.  long,  shall  be  open  at  lx)th  ends,  one  end  being  mounted  in  a  suitable 
metal  collar  which  holds  the  color  standards.*  The  tubes  shall  be  mounted  parallel 
to  each  other  in  a  vertical  position.  Light  shall  be  provided  by  means  of  a  reflecting 
mirror  set  at  a  45-deg.  angle,  so  arranged  that  the  reflected  light  shall  pass  through 
suitable  openings  and  through  the  glass  tubes  in  parallel  rays.  The  instrument  shall 
be  provided  with  a  suitable  optical  head  consisting  of  prisms  and  eyepiece.  The 
prisms  shall  be  arranged  so  that  the  light  rays  from  the  tubes  shall  be  deflected  to  a 
central  aperture  which  is  viewed  by  the  eyepiece.  The  arrangement  shall  be  such 
as  to  provide  a  circular  field  of  vision,  the  two  halves  of  which  are  illuminated  by  the 
light  transmitted  by  the  sample  and  the  color  standard,  respectively.  Light  shall 
be  supplied  by  a  suitable  daylight  lamp  so  arranged  as  to  avoid  a  glare  on  the  reflect- 
ing mirror.     The  color  standards  shall  consist  of  suitable  glass  disks. 

3.  Procedure. — The  Saybolt  Chromometer  shall  be  assembled  and  light  source 
adjusted  so  that  no  glare  or  shadows  shall  be  shown  on  the  reflecting  mirror.  Light 
from  all  other  sources  shall  be  excluded.  The  oil  tube  shall  be  cleaned  by  rinsing 
with  some  of  the  oil  to  be  tested,  care  being  taken  to  allow  it  to  drain  thoroughly. 
Two  standard  disks  shall  be  placed  in  position  in  the  open  tube.  The  pet-cock  on 
the  oil  tube  shall  be  closed  and  oil  tube  shall  be  filled  to  a  height  of  10.5  in.  The 
color  shall  be  observed  through  the  eyepiece.  Measurement  shall  be  made  using 
two  disks  in  cases  where  the  oil  is  darker  and  one  disk  in  cases  where  the  oil  is  lighter. 
After  determining  the  number  of  disks  to  be  used  and  with  the  proper  number  in 
place,  the  oil  tube  shall,  if  necessary,  be  filled  until  the  color  of  the  oil  is  decidedly 
darker  than  the  standard.  Oil  shall  be  drawn  oflf  slowly  by  means  of  the  pet-cock 
until  the  oil  is  slightly  darker  than  the  standard.  The  oil  shall  then  be  drawn  down 
to  the  first  reached  height  corresponding  to  a  standard  color  shade  as  shown  in 
Table  I.  If  the  color  of  the  oil  observed  through  the  eyepiece  is  still  darker  than  the 
standard,  the  oil  shall  be  drawn  down  to  the  next  height  equal  to  a  color  shade  and 
examined  again.  This  operation  shall  be  continued  until  the  oil  and  standard  colors 
match  or  show  questionable  differences.  The  column  of  oil  shall  be  lowered  one  shade 
more  and  if  the  oil  is  unmistakably  lighter  than  the  standard,  the  previous  color 
shade  shall  be  recorded  as  the  Saybolt  Chromometer  color. 


Examples, — 

No.  I  No.  2 

Oil  darker using  1  disk  at  16        in.  using  2  disks  at  4. 5    in. 

Oildarker "      1     "     "14         "  "      2     "      "4.25" 

Oil  questionable.        "      I     "     "12         "  "      2     "      "4.0     " 

Oil  lighter "      1     "     "   10.75   "  "      2     "      "  3.75   " 

Color  is plus  21  minus  2 

4.  Accuracy. — Variations  due  to  different  operators  should  not  exceed  one  color 
shade. 


*  The  mounting  of  this  tube  shall  be  such  as  to  give  equal  length  to  both  tubes. 
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Table  II. — Comparison  of  N.  P.  A.  Colors  and  Potassium  Bichromate 

Solutions. 

N.  P.A.  Color. 

MiD-CONTINBNT  POTASSIUM    BiCHROMATK 

Oil  and  per  100  cc.  of 

Paraffin  Oils.  Solvent.  Solvent,  g. 

1.0 water  0. 0057 

1.5 water  0.0147 

2.0 water  0.0453 

2.5 water  0. 0830 

3.0 water  0.1361 

3.5 60  per  cent  HtSOi  0. 2910 

4.0 60   "  "       0.4500 

4,5 60    "  "       0.5330 

5.0 60    "  "       0.6810 

6.0 75    "  "       0.6800 

Prepared  by  Dr.  W.  H.  Herschel,  Bureau  of  Standards. 

Soluiiotu, — HjSOi  is  poured  into  the  water  and  allowed  to  cool  before  the  Potassium  Bichro- 
mate is  added.  The  acids  are  60  and  75  per  cent  of  the  95-per-cent  acid*  by  volume,  or  more 
accurately  110.2  and  138.0  g.of  H3SO1  per  100  cc.  of  acid.  The  solutions  change  color  on  standing 
and  must  be  matched  immediately  and  discarded. 
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SUB-COMMITTEE  VII   ON   SULFUR   DETERMINATION   AND 
DIFFERENTIATION. 

The  sub-committee  has  prepared  a  Tentative  Method  of  Test  for 
Sulfur  in  Petroleum  Oils  Heavier  than  Illuminating  Oil.  This  method 
of  test  is  appended  hereto^  and  the  sub-committee  recommends  that  it 
be  accepted  for  publication  as  tentative. 

Respectfully  submitted  on  behalf  of  the  sub-committee, 

E.  W.  Dean, 
Chairman. 

iSccp.  777— Eo. 
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REPORT  OF  SUB-COMMITTEE  XI  ON   EMULSIPICATION. 

The  present  and  former  committees  have  reviewed  the  different 
tests  proposed  to  determine  the  emulsification  of  oils.  These  tests 
may  be  classified  and  summarized  as  follows: 

1.  Shaker  Tests:  Stratford;  Bryan;  Cosden. 

In  all  modifications  there  are  too  many  non-controllable  variables 
and  other  bad  features  to  permit  the  test  to  be  suitable  for  referee 
work. 

2.  Stirring  Tests  (mechanical):  Emulsibility,  Demulsibility; 
Navy;  Philip;  Herschel. 

The  Philip  Tfest  is  a  British  test  so  similar  to  the  Navy  Test 
that  it  has  not  been  considered.  The  R.E.  and  Herschel  consider 
demulsibility  only.  Vacuum,  Navy  (and  Philip)  consider  emulsi- 
biUty. 

3.  Steaming  Tests:  Conradson;  Vacuum;  R.E. 

The  Navy,  Herschel,  Conradson,  Vacuum,  and  R.E.  have  been 
subjected  to  comparative  studies  over  a  considerable  period  of  time 
by  quite  a  number  of  different  laboratories.  In  going  through  the 
accumulated  files  of  this  committee,  the  following  notes  and  com- 
ments have  been  compiled: 

(Note. — The  discussions  and  arguments  of  the  authors  of 
the  various  tests  are  omitted,  largely  since  these  have  already 
been  presented  before  the  committee;  but  all  of  the  following 
comments  have  been  taken  from  reports  and  correspondence, 
with  a  sincere  effort  on  the  part  of  the  committee  to  play  no 
favorites.) 

All  five  of  these  methods  will  group  oils  into  three  classes: 

1.  Oils  which  are  undoubtedly  very  bad. 

2.  Oils  which  are  undoubtedly  very  good. 

3.  Oils  which  are  neither  good  nor  bad. 

A  large  number  of  present-day  lubricating  oils  are  in  Class  3,  and  hence  the 
desire  is  to  get  a  test  which  will  differentiate  oils  of  this  class  as  well  as  taking  care 
of  those  in  Class  1  and  Class  2. 

Ideals  to  be  sought  for  in  the  *'best"  test  are: 

1.  Ease  of  operation. 

2.  Simplicity  and  availability  of  apparatus. 

3.  Negligible  personal  equation. 

4.  Reproducibility  of  results  by  different  operators. 

5.  Sample  of  small  size. 

6.  Short  time  required. 

7.  Result  to  be  an  indication  of  the  value  and  behavior  of  the  oil  in  practice. 
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It  is  claimed:  VA  demulsibility-emulsibility  test  must  not  only  give  an  intelli- 
gent idea  of  the  possible  emulsifying  qualities  of  the  oil  in  service,  but  also  an  dea 
of  its  d^jree  of  refinement.'*  This  is  answered  by:  (1)  "This  confuses  the  logical 
function  of  the  emulsion  test  in  the  hands  of  the  inspection  and  testing  laboratory 
with  the  use  a  refiner  puts  the  test  to  in  gaging  and  controlling  plant  operation. 
The  user  is  concerned  with  the  behavior  of  the  oil  in  use — not  its  history"  (2)  "The 
Vacuum  and  Conradson  tests  attempt  to  do  this  but  are  subject  to  personal  inter- 
pretation based  on  much  experience,  and  we  are  considering  purely  reproducible 
referee  tests." 

Conradson. 

Favorable. — 

(The  only  records  in  our  files  in  favor  of  the  Conradson  Method  are  written  by 
Dr.  Conradson  himself.  They  are  not  repeated  here  since  he  has  already  put  them 
before  the  committee.) 

Unfavorable. — 

The  quantity  of  oil  required  is  too  large. 

Necessity  of  describing  quantity  and  appearance  of  the  three  resulting  layers. 

The  need  of  experience  to  interpret  results  properly. 

Good  oils  not  classified  by  results  of  different  operators. 

Demulsibility  value  practically  the  same  for  a  fair  oil  and  for  a  good  oil. 

Requires  24  hours  for  results. 

Herschel.     (See  also  Navy.) 
Favorable. — 

In  our  opinion  the  Herschel  test  is  the  best  of  the  several  methods  proposed. 
This  is  an  emulsion  test,  while  the  Vacuum  and  Navy  (with  soda)  are  sludging 
tests. 

Dr.  Herschel  has  presented  the  various  merits  and  arguments  in  favor  of  his  test. 

Unfavorable. — 

Does  not  give  concordant  results  with  high  viscosity  oils. 
Demulsibility  factor  is  sometimes  misleading  in  that  one  sample  may  separate 
completely  in  a  shorter  time  than  another,  and  yet  have  a  smaller  demulsibility  factor. 
Inability  of  some  operators  to  check  themselves. 

Navv.     (See  also  Herschel.) 

Favorable. — 

One  member  favors  use  of  reagents,  saying  that  steam  may  contain  salt  and 
soda  ash  due  to  foaming  or  priming. 

Shows  up  poor  'oils, '  results  of  different  operators  agreeing  fairly  well  with 
such  oils. 

Normal  caustic  soda  shows  up  presence  of  sulfonates  (poor  refining)  as  no  other 
test  will. 

Navy  differs  from  Herschel  in  that  relative  quantities  of  oil  and  water  used  are 
not  in  same  proportions  and  that  salt  and  NaOH  solutions  are  used. 

Infinitely  superior  to  the  Herschel  interpretation. 

The  definite  numerical  results  given  in  other  tests  are  often  misleading. 
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UnfaioorahU, — 

Five  members  say  no  different  from  Herschel,  except  fdr  volumes,  methods  of 
reading  and  reagents  used. 

Five  members  opposed  to  reagents. 

On  good  and  medium  oils,  the  results  of  different  operators  vary  widely. 

A  centrifugal  separating  effect  combined  with  mixing,  which  cannot  be  controlled. 

Twenty-four  hours  to  obtain  results. 

Four  tests  to  each  oil. 

Apparatus  is  expensive. 

Necessary  to  adjust  speed  for  different  oils. 

Difficult  to  observe  when  aU  oil  is  settled  out,  since  at  the  end  the  rate  of  settling 
is  very  slow. 

Personal  interpretation  of  the  term  "a  slight  cuff." 

Not  satisfactory  on  oils  having  a  viscosity  higher  than  50  seconds  at  210®  F., 
Saybolt. 

R.  E.  Test. 
FavorabU. — 

In  general,  classifies  oils  same  as  Herschel. 

Shows  difference  in  oils  not  shown  by  the  Conradson. 

Blends  of  cylinder  oils  and  steam  test  Solar  Red  of  280  seconds  viscosity  at 
100®  F.,  are  difficidt  to  test  to  get  concordant  results  by  Herschel,  etc.,  methods, 
easy  for  R.E. 

Results  are  obtained  within  twenty  minutes. 

Samples  are  small. 

As  purely  a  measure  of  emulsification,  the  R.E.  Value  is  considered  a  good 
method  of  measurement. 

Gives  results  that  are  more  uniform  on  a  greater  range  of  oils  than  any  other  test. 

Unfavorable. — 

Use  of  two  different  temperatures. 

Requires  too  much  care  and  attention. 

Conditions  and  appearance  of  water,  emulsion  and  oil  layers  are  not  reported. 

Use  of  a  numerical  scale. 

Length  of  time  necessary  to  complete  test. 

A  small  difference  of  time  in  readings  of  an  oil  of  fairly  high  R.E.  Values  show 
even  greater  differences  in  R.E.  Values.  (Remedied  by  proposed  method  of 
reporting.) 

Two  temperatures  to  control,  and  one  to  adjust. 

Requires  undivided  attention  of  operator. 

The  higher  the  viscosity,  the  lower  the  R.E.  values,  other  things  being  equal. 
(Comment  on  fact  that  viscosity  plays  a  part  and  is  not  considered:  ''An  emulsi- 
fication-demulsification  test  should  either  indicate  the  difficulty  with  which  the  ail 
under  consideration,  compared  to  other  oils  of  the  same  class  and  used  for  the  same 
purpose,  goes  into  an  emulsion,  or  what  is  believed  to  be  the  same  thing,  the  ease 
with  which  the  formed  emulsion  separates. ") 

Difficult  to  maintain  required  steaming  temperature  with  oils  of  low  viscosities 
(up  to  60  seconds,  100®  F.,  Saybolt). 

Difficult  to  tell  iust  when  to  stoD  steaming. 
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Table  I. — Results  of  Emulsification  Tests  of  Petroleum  Oil$. 

CoNRADeON   DUfULaiBILtrr,   VoLUUEB  at  the   end  or   1   ER.      DXMUUIBtLrTT-^OlI.,  OC— WaTBE,  m  CENl. 
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Oil 

Oil 

Oil 

Oil 

Oil 
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lA 

2A 
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lA 

ir 

2T 

3r 

4r 

IK 

2V 

3V 

4K 

IC 

2C 

3C 

4C 
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2 

0 

0 

38 

45 

45 

10 

27 

0 

0 

0 

0 

42 

43 

32 

22 
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48 

42 

56 

0 

11 

11 
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38 

54 

50 

52 
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20 
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Oil.cc... 

94 
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86 
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96 
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93 

94 

92 

96 

92 
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86 
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94 
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w+ 

99 
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.. 
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10 
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43 
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8 
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52 
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Water,  cc. . 

8 

0 

0 

46 

5 

2 

3 

0 

0 

0 
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Tablb  I. — Results  of  Emulsification  Tbsts  of  Petroleum  Oils  (Continued). 
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Vacuum. 

Favorable, — 

An  oil  is  either  good  or  no  good,  and  this  test  makes  this  differentiation. 

If  steamed  less  than  45  minutes,  complete  hydrolysis  of  possible  sulfonates  does 
not  take  place,  therefore  45  minutes'  steaming  is  used. 

Results  compare  favorably  with  known  conditions  in  practice. 

Not  as  sensitive  to  viscosity  differences  as  other  tests. 

(Comments  on  last  paragraph:  The  vacuum  test  is  not  very  sensitive  and  that 
is  why  this  statement  may  seem  true,  but  is  not.) 

Unfavorable, — 

Has  not  the  definiteness  of  the  Conradson. 

Fine  for  plant  control  in  experienced  hands,  but  requires  experience  in  inter- 
preting results. 

Results  subject  to  personal  interpretation  and  cannot  be  expressed  in  numerical 
units. 

Relative  indefiniteness  of  results. 

No  differentiation  between  good  oils. 

Four  sets  of  four  samples  each  were  sent  out  by  sub-committee 
members  to  fourteen  members  of  Committee  D-2.  The  recipients  of 
these  samples  were  furnished  with  explicit  directions  for  making  and 
reporting  the  Conradson,  Herschel,  Navy,  R.E.  and  Vacuum  tests, 
these  directions  having  been  furnished  by  the  authors  of  the  tests. 

The  results  reported  are  compiled  in  Table  I  which  shows  that 
four  out  of  the  fourteen  recipients  did  not  respond  at  all,  and  that 
others  did  not  make  all  the  tests,  either  on  account  of  lack  of  equip- 
ment (which  is  entirely  excusable)  or  of  interest. 

In  spite  of  most  definite  instructions  for  operating  and  report- 
ing, some  of  the  operators  introduced  innovations  of  their  own,  which 
has  made  it  impossible  to  present  a  comparative  tabulation  of  all 
the  results  reported.  Innovations  in  operating  undoubtedly  account 
for  a  number  of  non-agreements  in  the  results  that  are  susceptible  to 
comparative  tabulation. 

No  attempt  is  made  to  present  comments  on,  or  an  analysis  of 
the  results  given  herewith. 

The  sub-committee  submits  with  this  report  a  revision  of  the 
R.E.  Test,  with  the  recommendation  that  it  be  printed  as  an  appendix 
and  that  it  be  given  a  thorough  trial  with  the  view  of  adopting  it  as  a 
tentative  standard. 

Respectfully  submitted  on  behalf  of  the  sub-committee, 

W:  E,  Perdew, 
Chairman. 
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APPENDIX. 


SUGGBSTBD    MbTHOD    OF    TbST    FOR    MODIFIED    RESISTANCE    TO    EmULSIFICATION 

Number  of  Lubricating  Oils. 

1.  Scope. — This  method  shall  be  used  on  all  oils  when  an  emulsion,  demulsi- 
bility  or  emulsification  test  is  required.  This  method  is  commonly  used  for  turbine 
oils  and  may  be  used  for  other  lubricating  oils. 

2.  Description, — The  Modified  Resistance  to  Emulsification  Number  (A.S.T.M. 
R.E.)  is  the  number  of  minutes  required  for  an  oil  to  separate  when  emulsified  and 
separated  under  definitely  prescribed  conditions. 

APPARATUS. 

3.  SUam  Generator, — The  steam  generator  shall  be  made  of  either  metal  or  glass 
of  at  least  one  liter  capacity  capable  of  withstanding  heat  necessary  for  continued  use 
in  production  of  steam.  It  shall  be  fitted  with  three  outlets  with  suitable  connec- 
tions for  rubber  tubing.  In  case  of  a  metal  generator,  a  large  opening  for  filling  and 
suitable  water  gage  shall  be  considered  a  necessary  part  of  the  apparatus. 

4.  Baths. — Baths  shall  be  of  either  metal  or  glass  with  a  capacity  of  3  to  3.5 
liters  and  a  depth  of  8}  to  9  in.  A  good  quality  battery  jar  or  beaker  is  entirely 
satisfactory.  A  glass  bath  shall  be  used  for  emulsification  and  a  metal  er  glass  bath 
may  be  used  for  thp  separation. 

5.  Source  of  Heat, — Heat  for  the  steam  generator  shall  be  supplied  by  a  suitable 
gas  burner  or  electric  hot  plate.  The  separating  bath  may  be  heated  by  any  con- 
venient means,  including  an  auxiliary  steam  line  as  shown  in  Fig.  1. 

6.  Oil  Container, — The  oil  container  shall  be  a  25  by  200-mm.  test  tube  grad- 
uated from  0  to  50  cc.  in  cubic  centimeters,  each  even  5-cc.  graduation  line  to  encircle 
the  tube. 

7.  Steam  Pipe. — Steam  pipe  or  steam  delivery  tube,  shall  consist  of  a  piece  of 
glass  tubing  exactly  2.5  mm.  in  inside  diameter  and  12  in.  long.  The  steam  pipe 
shall  be  cut  off  diagonally  at  an  angle  of  30  deg.  with  the  axis  of  the  tube  at  the  dis- 
charge orifice  and  shall  be  bent  at  a  right  angle  10  in.  from  the  discharge  orifice. 

8.  Accessories. — Accessories  shall  consist  of: 

(a)  Suitable  wooden  or  metal  frames  or  holders  for  holding  oil  containers  in  a 
vertical  position  in  the  baths; 

(b)  Thermometers  for  separating  and  emulsifying  baths  (floating  type  thermom- 
eters of  suitable  range) ; 

(c)  Thermometers  for  oil  container  tube  (engraved-stem  type,  suitable  range, 
graduated  in  1®  P.,  5  to  7  mm.  in  diameter.) 

(d)  Corks,  rubber  tubing  and  screw  pinch  cocks. 

PROCEDURE. 

9.  Preparation, — The  apparatus  shall  be  assembled  as  shown  in  Fig.  1.  The 
steam  generator  shall  be  filled  half  full  of  water  and  heat  applied.  Baths  shall  be 
filled  with  3  liters,  =*=60  cc.  of  water.  The  temperature  in  the  separating  bath  shall 
be  raised  to  and  maintained  at  200  to  203*  F. 

Note. — Care  must  be  taken  if  glass  battery  jars  are  used,  as  direct  heating 
by  flame  or  electric  hot  point  may  cause  breakage.  Use  of  steam  in  this  con- 
nection insures  against  breakage. 
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Temperature  of  emulsifying  bath  shall  be  brought  to  67*  P.  at  the  start  of  the 
test,  and  is  not  controlled  thereafter.  Twenty  cubic  centimeters  of  the  oil  to  be 
tested  shall  be  measured  in  the  oil  container  at  room  temperature  and  the  latter 
placed  in  the  holder  of  the  emulsifying  bath.  The  steam  pipe,  or  delivery  tube, 
shall  be  connected  to  the  steam  generator  with  suitable  rubber  tubing,  and  screw 
pinch-cocks  placed  as  shown  in  Pig.  1. 

Care  shall  be  taken  to  see  that  the  apparatus,  particularly  the  oil  container,  oil 
container  thermometer  and  tHe  steam  delivery  tube,  are  ckemtcally  clean  before 
using.  Care  shall  also  be  taken  to  prevent  any  foreign  materials  from  enter' ng  the 
steam  generator  as  any  contamination  of  the  steam  renders  the  test  valueless. 


End  of  Steam  Pipe, 
Pig.  1. — ^Apparatus  for  Test  for  Resistance  to  Emulsion. 

Steam  Supply. 


Self-Generating 


10.  EmtdsificaHon. — The  steam  delivery  tube  line  shall  be  steamed  out  tmtil 
condensation  disappears.  A  cork  having  two  openings  with  the  thermometer  in  one 
shall  be  placed  in  the  mouth  of  the  oil  container.  The  thermometer  shall  be  adjusted 
so  that  the  bottom  of  the  bulb  is  }  to  1  in.  from  the  bottom  of  the  oil  container.  The 
steam  delivery  tube  shall  be  inserted  through  the  second  opening  in  cork  (Note. — 
This  fitting  shall  be  loose)  so  that  the  end  of  the  steam  delivery  tube  shall  touch 
the  center  of  the  bottom  of  the  oil  container.     Steam  shall  be  admitted  at  a  rate 
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that  will  maintain  the  temperature  of  the  oil,  as  shown  on  the  thermometer  in  the 
oil  container,  between  190  and  195®  F.  (Note. — The  usual  time  necessary  for  the 
temperature  of  the  oil  to  come  to  this  point  is  45  to  75  seconds,  depending  on  its 
character.)  This  control  shall  be  effected  by  manipulation  of  the  pinch-oocks  on 
the  steam  delivery  line  and  steam  exhaust  line  from  the  steam  generator.  Steam 
supply  shall  be  sufficient  at  all  times  so  as  to  cause  a  generous  discharge  from  the 
exhaust  Une.  Steaming  shall  be  continued  until  the  volume  of  condensed  steam  and 
oil  in  the  oil  container  tube  is  40  cc.  =*=  3  cc.  The  time  required  for  this  operation 
shall  be  4  to  6.5  minutes,  depending  on  the  quality  of  the  oil,  altitude,  etc.  If  con- 
densed water  amounts  to  20  cc.  in  less  than  4  minutes,  it  shall  be  taken  as  an  indi- 
cat'on  of  wet  steam  or  incomplete  steaming  out  of  the  line  and  the  test  shall  be  re-run. 

Note. — The  apparent  volume  in  the  tube  near  the  end  of  the  steaming 
operation  is  approximately  12  to  15  cc.  greater  than  the  actual  volume  due  to 
displacement  caused  by  steam,  thermometer  and  steam  delivery  tube. 

11.  Separation. — The  steam  delivery  tube  shall  be  withdrawn  as  soon  as  the 
required  volume  is  obtained.  The  oil  container  and  holder  shall  be  transferred 
immediately  to  the  separating  bath  which  shall  be  maintained  at  200  to  203*  P. 
It  is  extremely  important  that  the  temperature  of  the  separating  bath  be  maintained 
within  the  given  limits.  A  stop  watch  shall  be  started  at  the  instant  of  withdrawal 
of  the  steam  delivery  tube.  The  cork  containing  the  thermometer  shall  be  removed 
after  the  oil  container  and  contents  have  been  placed  in  the  separating  bath.  The  con- 
tents of  the  oil  container  shall  be  examined  every  30  seconds,  and  the  volume  of  the 
separated  oil  layer  shall  be  recorded.  This  examination  shall  be  made  by  withdraw- 
ing the  oil  container  and  its  contents  from  the  separating  bath,  and  reading  the 
volumes.  (Note. — This  operation  shall  not  require  over  five  seconds.)  No  differ- 
entiation shall  be  made  between  clear  and  turbid  oil. 

This  reading  operation  shall  be  continued  until  20  cc.  of  oil  has  separated.  In 
cases  where  the  20-cc.  oil  layer  does  not  separate  in  20  minutes,  the  test  shall  be  dis- 
continued at  this  point. 

In  cases  where  the  interface  between  more-or-less  clear  oil  and  the  emulsion  is 
not  a  clear,  straight  horizontal  line,  the  position  of  such  a  line  is  carefully  estimated 
to  the  nearest  0.5  cc. 

If,  at  the  end  of  20  minutes,  there  is  not  a  well-defined  horizontal  interface,  then, 
and  then  only,  the  contents  of  the  oil  container  may  be  stirred  for  two  seconds  with 
a  dean  glass  rod  to  obtain  a  better  line  of  demarcation. 

12.  Interpretation, — In  interpreting  results,  the  assumption  shall  be  made  that 
the  rate  of  emulsion  separation  is  directly  proportional  to  the  Resistance  to  Emulsi- 
fication  of  the  tested  oil.  In  order  to  establish  a  basis  for  comparison,  a  definite 
value  of  one  shall  be  assigned  to  an  oil  which,  under  conditions  of  the  test,  separates 
completely  from  emulsion  in  one  minute.  This  is  equivalent  to  an  emulsion  separa- 
tion rate  of  0.33  cc.  per  second  or  20  cc.  per  minute. 

Note. — The  expansion  of  the  oil  at  the  higher  temperature  is  disregarded, 
so  when  the  separation  of  the  oil  is  complete,  as  regards  the  interface  between 
the  oil  and  emulsion  layers,  the  volume  of  separated  oil  will  always  be  more 
than  20  cc.  This  in  no  way  interferes  with  the  reproducibility  of  results;  and 
the  time  shall  be  recorded  when  20  cc. — and  not  necessarily  all — of  the  oil  have 
separated,  when  this  occurs  in  less  than  20  minutes. 

13. — A,S.T,M,  R.E,  Number. — ^Results  shall  be  reported,  in  minutes  and  half 
minutes,  of  the  time  necessary  for  complete  (20  cc.)  oil  separation.     The  time  in 
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minutes  and  half  minutes  shall  be  reported  as  the  R.E.  Number,  A.S.T.M.  Method. 
In  cases  where  the  required  volume  shall  not  have  separated  in  20  minutes,  the  oil 
shall  be  reported  as  having  an  R.E.  Number,  A.S.T.M.  Method,  of  20  plus.  If 
duplicate  determinations  vary  by  more  than  one  minute,  a  third  test  shall  be  made 
and  the  average  of  the  three  tests  reported. 

Note. — Oils  which  emulsify  separate  into  three  layers  without  exception : 
top,  clear  or  turbid  oil;  middle,  lacey  or  creamy  emulsion;  bottom,  clear  or 
milky  water.     The  A.S.T.M.  R.E.  Number  is  derived  from  the  top  layer. 

14.  Reproducibility. — With  care  and  proper  attention  to  details,  duplicate 
determinations  of  the  R.E.  Number,  A.S.T.M.  Method,  should  not  differ  by  more 
than  0.5. 
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REPORT  OF  SUB-COMMITTEE  XII  ON  FLASH. 

The  sub-committee  recommends  that  the  Tentative  Method  of 
Test  for  Flash  Point  by  Means  of  the  Pensky-Martens  Closed  Tester 
(D  93-21  T),*  submitted  as  tentative  last  year,  be  advanced  to 
standard,  with  the  following  revision: 

Section  S  (J), — ^After  the  second  sentence,  add  a  sentence  to  read 
as  follows: 

"The  first  application  of  the  test  flame  shall  be  made  at  a  temperature 
at  least  30^  P.  below  the  actual  flash  point." 

Respectfully  submitted  on  behalf  of  the  sub-committee, 

E.  W.  Dean, 

Chairman, 


>  Proceedings,  Am.  Soc.  Test.  MaU..  Vol.  21.  p.  655  (1921). 
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REPORT  OF  SUB-COMMITTEE  XVI   ON  CLOUD  AND  POUR  TEST. 

The  sub-committee  has  been  engaged  in  a  study  of  the  Tentative 
Method  of  Test  for  Cloud  and  Pour  Points  of  Petroleum  Products 
(D  97-21  T).^  A  number  of  suggestions  and  criticisms  have  been 
made.  These  formed  the  basis  for  a  series  of  tests  in  the  laboratories 
of  two  of  the  members  of  the  sub-committee  and  are  included  in 
Table  I  of  this  report. 

The  report  of  these  tests  was  submitted  to  the  various  members 
of  the  sub-committee  with  a  questionnaire  requesting  the  opinion  of 
each  member  on  the  suitability  of  the  Tentative  Method  of  Test  for 
Cloud  and  Pour  Points  for  the  various  petroleum  products.  A 
majority  of  the  sub-committee  reported  that  the  test  was  satisfactory 
and  recommended  that  certain  minor  changes  be  made  in  the  test. 

Accordingly,  Sub-Conamittee  XVI  reconamends  that  the  tenta- 
tive method  of  test  be  revised  as  follows: 

Section  10. — Change  to  read  as  follows: 

"Procedure  for  Chud  Point.—The  oil  to  be  tested  shall  be  brought  to  a 
temperature  at  least  25**  F.  above  the  approximate  cloud  point.  Moisture,  if 
present,  shall  be  removed  by  any  suitable  method,  as  by  filtration  through  dry 
filter  paper  until  the  oil  is  perfectly  clear,  but  such  filtration  shaU  be  made  at  a 
temperature  at  least  25®  F.  above  the  approxinmte  doud  point. 

''The  dear  oil  shall  be  poured  into  the  test  jar,  a,  to  a  height  of  not  less  than 
1  nor  more  than  1 J  in.    The  test  jar  may  be  marked  to  indicate  the  proper  levd. 

"The  test  jar  shall  be  tightly  closed  by  the  cork,  c,  carrying  the  test  ther- 
mometer, 5,  in  a  vertical  position  in  the  center  of  the  jar  with  the  thermometer 
bulb  resting  on  the  bottom  of  the  jar. 

"The  disk,  e,  shall  be  placed  in  the  bottom  of  the  jacket,  J,  and  the  test 
jar  with  the  ring  gasket,  /,  1  in.  above  the  bottom  shall  be  inserted  into  the 
jacket.    The  disk,  jacket  and  inside  of  jacket  shall  be  dean  and  dry. 

"The  temperature  of  the  cooling  bath,  g,  shall  be  adjusted  so  that  it  is 
below  the  doud  point  of  the  oil  by  not  less  than  15  nor  more  than  30®  P.  and 
this  temperature  shall  be  maintained  throughout  the  test.  The  jacket,  contain- 
ing the  test  jar,  shall  be  supported  firmly  in  a  vertical  position  in  the  cooling 
bath  so  that  not  more  than  1  in.  of  the  jacket  projects  out  of  the  cooling  medium. 

"At  each  test  thermometer  reading  which  is  a  multiple  of  2®  F.  the  test  jar 
shall  be  removed  from  the  jacket,  quickly  but  without  disturbing  the  oil, 
inspected  for  cloud,  and  replaced  in  the  jacket.  This  complete  operation  shall 
require  not  more  than  three  seconds. 

"When  such  inspection  first  reveals  a  distinct  doudiness  or  haze  in  the  oil 
at  the  bottom  of  the  test  jar,  the  leading  of  the  test  thermometer,  corrected  for 
error  if  necessary,  shall  be  recorded  as  the  doud  point." 

1  Proceedings,  Am.  Soc.  Test.  Mats..  Vol.  21,  p.  674  (1921). 
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Table  I. — Comparison  Tests  of  Various  Pour  Tests  on  Special  Samples 

OF  Oil. 


OiL 

Modifiatioo  of  Method.* 

PoorPomt. 
def.Fahr. 

TemperatweofBath. 
dec-Fahr. 

LiBOBilTORT  No.  1. 

stood  5  hr 

65 
85 

45      • 
45 

30 

30 
-15 
-  5 

30 

75 
75 
80 
95 
95 

90 
90 
90 

3S 

No.  1— J21750 

No  hefttinc  No  standinc 

38 

ca.IUr.G7L 

Heated  to  180*  F.,  Stood  18  hr 

20 

Heated  to  180*  V^  Stood  7  dayi 

20 

Stood  5hr 

6 

NoheatbcNostandinc 

u 

No.  2— J21751 
BbekOU 

Hei53toiM*l?!BSai6hr..;:::::::::::::::::: 

-108 

Heated  to  180*  F.!  Stood  42  hr 

-108 

Heated  to  180*  F.i  Stood  5  dayi 

0 

8too.i  5  hr                      

48 

K         .No  standiaf 

45 

N0.3-J21752 
Flit.  CyL 

E               100*F 

1              ISO*  F.,  Stood  42  hr 

58 
85 

Hiated  to  180*  F.,  Stood  48  hr 

85 

(Heated  to  102*  F.  before  testtnc) 

"Seated  to  180°  F.,  StoodSdayi 

86 

Heated  to  iso*  F.,  Stood  7  di^ 

80 

Heated  io  ISO*  ¥,'.  Stood  8  dwrs 

80 

LkBOSATORT  No.  2. 


Modificatkm 
ofMethod.1 

Poor  Point,  dec.  Fahr. 

ou 

let 

3d 

5th 
Day. 

8th 
Day. 

10th 

18th 

Day. 

28th 

Stood5hr 

75 
70 
80 

85 
belowO 
belowO 
belowO 

85 
70 
85 

70 
70 
75 
85 

35 
belowO 
belowO 
belowO 

80 
75 
85 
90 

70 
70 
75 
85 
40 

85 
belowO 
belowO 
belowO 
belowO 

80 
75 
90 
95 
95 

70 
70 
80 
80 
40 

35 
belowO 
belowO 
belowO 
belowO 

80 
70 
90 
90 
95 

85 
85 

80 
85 
40 

35 
belowO 
belowO 
belowO 
belowO 

75 
70 
90 
95 
95 

85 

85 
80 
85 
40 

35 
belowO 
belowO 
belowO 
belowO 

75 
70 
90 
95 
95 

85 

85 
80 
85 
40 

35 
belowO 
belowO 
belowO 
belowO 

75 
70 
90 
95 
95 

No.! 

No  heating 

J2I750 
S.Rer.QyL 

Heated  to  120*  F 

Heated  to  140*F 

Heated  to  180-175*  F. 

StoodShr 

35 

No.  2 

NoSirtW.::!!!:.:: 

30 

J21751 
BUefcOil 

Heated  to  120*F 

Heated  to  140*F 

Heated  to  180-175*  F. 

Stood5hr 

belowO 
belowO 

No.  3 

Noheatinc 

J21752 
FUt-CyL 

Heated  tol20*  F 

Heated  to  140*F 

Heated  to  180-175*  F. 

- 

>  All  teeU  were  earried  oat  in  aooocdanoe  with  the  Tentative  Method  of  Teet  for  Clood  and  Pour  Pomts  of  Petro- 
leum Produeta  (p  97  -21 T)  of  the  Amerioan  Bodety  for  Testing  Materials.  ProettdinQi,  Am.  Soe.  Test.  Mats.,  VoL  21, 
IK  874  (1921).  The  samples  were  stored  at  room  temperature  (05  to  78*  F.)  and  were  tested  at  a  laboratMy  tempera- 


ture of  70  to  78*  F. 

minatioos  were  made  in  all  cases. 


WhereTcr 
to  the  temp«ature  indicated  and  allowed  to  cool 
tufVofOO'^F. 


_  , . _  previous  b 

bspecJied  in  the  Modification  of  Method,  the  material  was  heated 
riy,  placing  it  in  the  bath  when  the  sample  had  attained  a  tempera- 
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444       Report  of  Sub-Committee  XVI  of  Committee  D-2. 

Section  11, — Change  to  read  as  follows: 

"  Procedure  Jor  Pour  Point. — ^The  oil  to  be  tested  shall  be  brought  to  a 
temperature  of  90®  F.,  or  to  a  temperature  15**  F.  higher  than  its  poiu*  point 
if  this  pour  point  is  above  75®  F.  The  oil  shall  then  be  poured  into  the  test 
jar,  a,  to  a  height  of  not  less  than  2  nor  more  than  2}  in.*  The  jar  may  be 
marked  to  indicate  the  proper  level. 

"The  test  jar  shalibe  tightly  closed  by  the  cork,  c,  carrying  the  test  ther- 
mometer, 6,  in  a  vertical  position  in  the  center  of  the  jar  with  the  thermometer 
bulb  immersed  so  that  the  beginning  of  the  capillary  shall  be  \  in.  below  the 
surface  of  the  oil. 

"The  disk,  «,  shall  be  placed  in  the  bottom  of  the  jacket,  rf,  and  the  test 
jar,  with  the  ring  gasket,  /,  1  in.  above  the  bottom,  shall  be  inserted  into  the 
jacket.    The  disk,  gasket  and  inside  of  jacket  shall  be  clean  and  dry. 

"After  the  oil  has  cooled  enough  to  allow  the  formation  of  paraffin  wax 
crystals,  great  care  shall  be  taken  not  to  disturb  the  mass  of  the  oil  nor  to  permit 
the  thermometer  to  shift  in  the  oil.  Any  disturbance  of  the  spongy  network 
of  wax  crystals  will  lead  to  low  and  fictitious  results. 

"The  temperature  of  the  cooling  bath,  g,  shall  be  adjusted  so  that  it  is  below 
the  pour  point  of  the  oil  by  not  less  than  15  nor  more  than  30®  F.  and  this 
temperature  shall  be  maintained  throughout  the  test.  The  jacket,  containing 
the  test  jar,  shall  be  supported  firmly  in  a  vertical  position  in  the  cooling  bath 
so  that  not  more  than  1  in.  of  the  jacket  projects  out  of  the  cooling  medium. 

"At  each  test  thermometer  reading  which  is  a  multiple  of  5®  F.,  the  test 
jar  shall  be  removed  from  the  jacket  carefully  and  shall  be  tilted  just  sufficiently 
to  ascertain  whether  the  oil  around  the  thermometer  remains  liquid.  As  long 
as  the  oil  around  the  thermometer  flows  when  the  jar  is  tilted  slightly,  the  test 
jar  shall  be  replaced  in  the  jacket.  The  complete  operation  of  removal  and 
replacement  shall  require  not  more  than  three  seconds.  As  soon  as  the  oil 
aroimd  the  thermometer  does  not  flow  when  the  jar  is  tilted  slightly,  the  test 
jar  shall  be  held  in  a  horizontal  position  for  exactly  five  seconds  and  observed 
carefully.  If  the  oil  around  the  thermometer  shows  any  movement  under  these 
conditions,  the  test  jar  shall  be  immediately  replaced  in  the  jacket  and  the 
same  procedure  shall  be  repeated  at  the  next  temperature  reading  5®  F.  lower. 
In  determining  the  pour  point  of  oils  it  shall  be  noted  that  the  first  movement 
of  the  oil  in  certain  cases  is  not  aroimd  the  thermometer  but  from  the  sides  of 
the  test  jar.  In  such  cases,  this  movement  shall  be  considered  in  making  the 
test.  As  soon  as  a  temperature  is  reached  at  which  the  oil  around  the  ther- 
mometer shows  no  movement  when  the  test  jar  is  held  in  a  horizontal  position 
for  exactly  five  seconds,  the  test  shall  be  stopped. 

**The  lowest  reading  of  the  test  thermometer,  corrected  for  error  if  necessary, 
at  which  the  oil  around  the  thermometer  shows  any  movement  when  the  test 
jar  is  held  in  a  horizontal  position  for  exactly  five  seconds  shall  be  recorded  as 
the  pour  point.  It  shall  be  noted  that  the  pour  point  is  the  temperature  5®  F. 
above  the  solid  point  or  temperature  at  which  the  test  is  discontinued." 

The  sub-committee  recommends  that  the  tentative  methods, 
as  revised,  be  continued  as  tentative. 

Respectfully  submitted  on  behalf  of  the  sub-committee, 

T.  G.  Delbridge,  Chairman. 

>  Test  jar  and  contents  shall  be  immediately  placed  in  the  previously  assembled  apparatus. 
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REPORT  OF  SUB-COMMITTEE  XVII  ON  GASOLINE. 

The  sub-committee  has  been  engaged  in  the  study  of  various 
properties  of  gasoline,  stressing  particulariy  the  tests  for  corrosion 
and  gumming.  Five  samples  of  gasoline,  representing  various  types 
of  material,  were  examined.    The  samples  are  listed  in  the  Appendix. 

Detailed  results  of  the  common  and  special  tests,  with  references 
and  discussion  of  the  most  important,  are  given  in  the  Appendix. 
No  recommendations  for  a  satisfactory  gumming  test  can  be  offered 
at  the  present  time,  as  results  indicate  that  considerable  work  will  be 
necessary  to  determine  the  controlling  factors.  It  should  be  noted 
that  the  distillation  results,  using  the  Tentative  Method  of  Test  for 
Distillation  of  Gasoline,  Naphtha,  Kerosene  and  Similar  Petroleum 
Products  (D  86-21  T)  are  generally  concordant. 

The  sub-committee  has  prepared  a  method  for  corrosion,  similar 
to  the  Tentative  Method  of  Test  for  Detection  of  Free  Sulfur  and 
Corrosive  Sulfur  Compounds  in  Petroleum  Products  (D  89-21  T) 
and  submits  it  with  the  recommendation  that  it  be  presented  to  the 
Society  as  a  Tentative  Method  of  Test  for  Detection  of  Free  Sulfur 
and  Corrosive  Sulfur  Compounds  in  Gasoline.^ 

The  sub-committee  cooperated  with  Sub-Committee  XI  of 
Committee  D-1  in  the  preparation  of  a  specification  for  paint  thinners 
other  than  turpentine. 

Respectfully  submitted  on  behalf  of  the  sub-committee, 

T.  G.  Delbridge, 
Chairman, 


« See  p.  780.— Ed. 
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APPENDIX. 

Materials. — The  samples  tested  represent  the  following  different 
types  of  gasoline: 

No.  1.  Current  market  product  in  eastern  U.  S.; 
No.  2.  Uncracked  Mid-Continent  gasoline; 
No.  3.  Cracked  Mid-Continent  gasoline; 
No.  4.  Cracked  California  motor  spirits; 
No.  5.  Gumming  gasoline  encountered  in  commercial  use. 
Tests. — Gravity. — Reported  in  degrees,  A.  P.  I.  Scale  and  Bureau 
of  Standards  Baum6  Scale,  and  Specific  Gravity.     Variations  in  the 
scale  values  call  attention  to  the  urgent  need  for  the  adoption  of  a 
uniform  formula  for  all  scale  values.    This  matter  has  been  taken  up 
by  the  Division  of  Research  of  the  American  Petroleum  Institute 
and  is  under  consideration  in  the  Petroleum  Industry  at  the  present 
time. 

,  Distillation. — ^Made  according  to  the  Tentative  Method  of 
Distillation  of  Gasoline,  Naphtha,  Kerosene,  and  Similar  Petroleum 
Products  (D  86-21  T).^  It  will  be  noted  that  results  are  generally 
concordant,  the  principal  exception  being  one  of  the  results  on  Sample 
No.  3,  which  can  be  explained  by  the  late  arrival  of  the  sample  and 
subsequent  loss  of  the  low  boiling  point  fractions. 

Sulfur. — ^Determined  by  the  method  for  total  sulfur,  using  the 
bomb,  as  given  in  the  Report  of  Sub-Committee  VII  of  Committee 
D-2  for  1921.« 

Iodine  Number. — ^Determined  by  Hanus  and  The  Atlantic 
Refining  Co.  (Johansen)  methods. 

Doctor  Test. — ^Determined  by  method  as  given  in  Bulletin  No.  5.* 
Gum. — ^Determined  by  the  copper  dish,  porcelain  dish,  porcelain 
dish  with  copper  and  beaker  tests.  The  copper  dish  test  is  described 
in  Bulletin  No.  6.^  The  other  tests  are  similar  to  this,  the  container 
being  variable.  Results  are  expressed  in  milligrams  per  100  cc.  of 
material  used. 

Corrosion. — ^Determined  by  the  copper  dish  test  described  in 
BuUetinNo.S^and  the  copper  strip  test  similar  to  the  Tentative  Method 
of  Test  for  Detection  of  Sulfur  and  Corrosive  Sulfur  Compounds  in 
Petroleum  Products  (D  89-21  T)*  using  three  hours  at  ISO*"  F.,  in 
place  of  over  night  standing  as  given  in  Method  of  Test  D  89-21  T. 

*  Procetdims,  Am.  Soc.  Test.  Mats..  Vol.  2U  p.  631  (1921). 
s  Ihid.,  p.  365. 

•  ButtMin  No,  $,  Report  of  Committee  on  Standardization  of  Petroleum  Specifications. 
« Proutdings,  Am.  Soc.  Teet.  Mats..  Vol.  21,  p.  643  (1921). 
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Table  I. — ^Results  of  Tests  on  Gasoline. 
(Motor  Gasoline,  Eastern  Market) 


oiamiaro 

Standard 

AUantle 

United 

Borean 

General 

T«ti. 

OUCo. 

oaco. 

ofMinea. 

Reininc 

Qaalfflp. 

of 

Teiaa 

Motors 

(Ind.) 

(N.J.) 

«,g-«. 

Cow 

Standarda. 

Oil  Co. 

Corp. 

GimTHy 

01.2 

01.2 

eo.5 

0.735 

61.3 
0.7348 

0.7367 

60.9 
0.733 

61.2 
0.734 

sp.Qt.eo/eo*p... 

... 

Rabmethrelndes... 

... 

... 

... 

1.4088 

... 

... 

... 

Initial.'.' 

118 
174 

118 
174 

120 
180 

124 
185 

... 

: ' 

120. 
176 

lOperoent 

!.'! 

20      -      

197 

199 

199 

208 

... 

... 

200 

... 

30      -      

210 

219 

217 

824 

.. . 

217 

... 

40      -      

233 

234 

234 

286 

... 

.. . 

284 

... 

80      "      

348 

248 

248 

260 

... 

260 

90      "      

294 

262 

264 

200 

.. . 

266 

.. . 

70      -      

280 

280 

284 

376 

... 

282 

... 

80      "      

802 

800 

802 

808 

... 

•• . 

804 

... 

90      -      

834 

831 

840 

840 

... 

... 

831 

.• . 

95      -      

850 

376 

... 

366 

Dry    -      

46i 

403 

406 

413 

... 

409 

.. . 

R«Q0Yec7,par«Bt 

98 

99 

97.2 

97 

... 

... 

99.0 

... 

lUiidae,       - 

1.6 

1.0 

2 

... 

1.0 

.. . 

Loi^            " 

0.5 

, 

1.8 

1 

... 

.. . 

..  .• 

A.B.P 

248 

249 

263 

251 
0.086 

z 

261 

Sulfur,  per  eeot.... 

Afafl.tQrHiSOi 

4.0 

... 

8.0 

... 

6.1 

6.0 

... 

6.0 

Nitrated 

(0.5) 

Iodine  Number: 

Hmqb 

10.3 

... 

lU 

.. . 

... 

.. . 

AU.Rer.Co.add.. 

•  • . 

... 

what 

... 

8.70 

.. . 

.. . 

toial. 

!.! 

12.22 

... 

... 

... 

KMnOiteat 

... 

... 

... 

... 

1458 

... 

... 

... 

Doetor 

... 

.*:: 

.':*. 

... 

: 

Net. 

Neatna 
Good 

O.K. 
O.K. 

Neatnl 

-    -fS 

R«MtiOB 

Odor 

..• 

Color 

VX.  Straw 

0.7« 

*?SiLt 

Molbown 

>•• 

Color 

... 

... 

••♦ 

... 

. 

4.6« 

Gom: 

Copper  diih 

5.9 

3.1 

4.0 

8.1 

6.0 

4.1 

2.4 

5  3 

Poroebindiih.... 

8.4 

1.0 

0.9 

3.9 

4.6 

2.8 

3.0 

"        +Cu... 

... 

3.2 

1.3 

2.4 

.. . 

Be»ker 

... 

ii 

... 

... 

Corrotton: 

Dish 

LtBr. 
O.K. 

o.'k. 

Dark 
O.K. 

W 

Poor 
O.K. 

ft 

\T 

Strip 

O.'k. 

«18-in.een.Lo«iboad. 
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Table  I. — Results  of  Tests  on  Gasoline  {Continued). 
(Uncracked  Mid-Continent  Gasoline) 


Te»t8. 


Gravity 

Sp.Gr.60/80T. 

Refractive  Index. 

Difltilhtion,  des. 
Ffthr.: 

Initial 

lOpereent — 
ao     "      .... 

ao    ••     .... 

40      "  .... 

50      "  .... 

60      ••  .... 

70      "  .... 

80      "  .... 

90      "  .... 

05      "  .... 

Dry    ••  

Recovery,  per  eent 
Rendue. 

LoflB. 

A.B.P 


Sulfur,  per  eeni... 
Abf.byH£0«.... 
Nitrated 


Iodine  Number: 

Hanus 

AU.Ref.Co.add.. 

Wl. 

KMnOitcst 


Doctor. 


+S., 
Reaction,.. 

Odor 

Color 


Sunlicht: 
Semment. 
Color.... 


Gum: 

Copper  diah 

Porcelain  dish... 

-fCu.. 

Beaker 


Corroiion: 
Dith.... 
Strip.... 


Standard 
Oil  Co. 
(Ind.) 


57.9 


130 
179 
201 
220 
239 
257 
279 
302 
330 
353 

420 
98 
1.5 
0.5 
202 


2.5 


7.7 


1  5 
1.85 


U  Amber 
0  K. 


Standard 
Oil  Co. 

(N.J.) 


57.8 


124 
180 
205 
221 
241 
261 
279 
300 
324 
360 
383 
417 
98.5 


262 


3.5 
12 
1  8 


O.K. 


Bureau 
of  Mines. 


57.2 
0.748 


127 
183 
205 
223 
241 
259 
279 
306 
331 
367 

42  i 
97.5 
1.1 
1.4 
268 


2.0 


3  5 


Peacock 
O.K. 


Atlantic 

Refining 

Co. 


56.8 
0  7518 


130 
185 
207 
225 
242 
260 
277 
308 
332 
366 
390 
426 
97 
1.5 
1.5 
263 

0.034 


(Igr.) 
3.29 
a  12 
9.53 


1.7 
0.4 


O.K. 
O.K. 


United 

Gas  Imp. 

Co. 


0  7435 
1.4130 


4.2 
0 


300 


1.0 
0.9 


O.K. 
O.K. 


Bureau 

of 

Standards. 


57.5 
0.747 


Teias 
Oil  Co. 


5.0 


Nee. 

Neutral 
Good 
W.W. 


1.4 


57.8 
0.7475 


124 
179 
202 
220 
238 
258 
280 
304 
331 
366 
394 
416 
96 
1.1 
0.9 
262 


O.K. 
O.K. 

Neutral 


0.6« 


None 
2« 


2.5 
1.3 
1.1 


O.K. 
O.K. 


General 
Motors 
Corp. 


4.0 


3.7 
15 
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Table  I. — ^Results  of  Tests  on  Gasoline  (Continued), 
(Cracked  Mid-Continent  Gasoline) 


owDcmra 

Staodanl 

Atlantie 

United 

Bureau 

General 

TMtS. 

OUCo. 
(Ind.) 

OUCo. 

(N.J.) 

BufeM 
ofMbiee. 

B^ 

QMlmp. 
Co. 

of 

StandaRk 

SS. 

Motora 
Corp. 

Coalen 
and  Co. 

Qtvnif 

57.4 

57.2 

55.7 
0.760 

56.0 
0.7650 

0.7515 

57.4 
0.747 

56.8 
0.7515 

... 

Sp.ar.60/WP... 

iUfnetivelDdex... 

... 

... 

... 

1.4178 

... 

... 

... 

... 

DifliUi^.dcc. 
InitiBl." 

127 
180 

126 
185 

129 
185 

160 
206 

... 

127 
189 

... 

130 

lOpereoDt.']!!!! 

175 

20      "      

209 

814 

210 

227 

... 

215 

202 

80      -      

285 

889 

285 

248 

240 

... 

226 

40      -      

259 

889 

201 

268 

262 

246 

50      "      

280 

282 

279 

288 

288 

270 

00      -      

802 

800 

800 

812 

... 

305 

... 

290 

70      -      

824 

818 

827 

884 

827 

... 

818 

80      "      

848 

848 

849 

856 

... 

.. . 

349 

..  • 

344 

90      -       

879 

874 

878 

882 

... 

379 

376 

95      -      

897 

412 

406 

... 

400 

Dry   -      

488 

482 

480 

436 

... 

432 

431 

R«Mvenr.pflr«eiii 

08 

08.5 

97.5 

97 

... 

96.5 

.. . 

RMdiie.       - 

1.5 

1.0 

2 

... 

1.2 

.. . 

.. . 

Lo«. 

0.5 

1.5 

1 

0.8 

... 

A.B.P 

277 

280 

280 

287 
0.049 

.. . 

281 

.. . 

Sulfur,  per  eent.... 

^. . 

Abf.byHiSOi 

11.0 

... 

11.0 

9.5 

11.0 

11.0 

... 

Nitrated 

... 

... 

... 

... 

0.9 

lodiM  Number: 

Huua 

78.7 

... 

... 

^R' 

... 

AU.Rer.Co.»dd.. 

.. . 

.. . 

■obit. 

24.08 

toUl 

..! 

76.82 

KMnatest 

... 

... 

11680 

Doctflr 

Nef. 

O.K. 

••     +8 

0.  K. 

RcMtioQ 

Neutral 

Neutral 

Odor 

... 

... 

... 

Good 
V.L.Straw 

1.8« 
None 

Color 

SeSiMiit 

Color 

... 

... 

... 

S.G. 

... 

Gum! 

Copper  didi 

5.4 

5.2 

6.0 

8.4 

12.4 

13.5 

4.7 

5.5 

Pbroehundiah.... 

1.4 

1.4 

2.4 

1.8 

9.0 

0.8 

1.4 

."        -fCtt... 

4.9 

3.3 

1.9 

Beaker 

... 

8.2 

Oorroeioi: 

Diib 

^5t^ 

0.K 
O.K. 

Taniish 
O.K. 

Gummy 
O.K. 

Good 
O.K. 

BLGum 
O.K. 

Br.  Gum 
O.K. 

O.K. 

Strip 

«18-in.eell.Uvibond. 
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Table  I. — Results  of  Tests  on  Gasoline  (Continued). 
(Cracked  California  Motor  Spirit) 


Standard 

Standard 

Bureau 
of  Minea. 

Atlanti9 

United 

Bureau 

Texaa 
OUCo. 

General 

Tefts. 

OUCo. 

Oil  Co. 

Refining 

Gaalmp. 

of 

Motora 

(Ind.) 

(N.J.) 

Co. 

Co. 

Standarda. 

Corp. 

Onvity 

46.5 

46.3 

45.0 
0.8000 

46.0 
0.7074 

0.7005 

45.0 
0.706 

45.7 
0.7085 

Sp. Gr.  60/60* F... 

RefnkCtive  Index... 

1.4462 

DbtilbtioD.des. 

Fkhr.: 

Initial 

no 

168 
204 

108 
167 
207 

104 
167 
203 

114 
178 
214 

112 
176 
212 

10  per  cent 

20      "       

30  ■    ••       

236 

237 

237 

245 

245 

40      ••       

265 

266 

268 

260 

271 

50      "       

201 

203 

201 

208 

204 

60      "       

812 

311 

315 

315 

314 

70      "       

330 

333 

333 

332 

333 

80      "       

347 

340 

340 

352 

350 

00      "       

367 

360 

360 

371 

368 

05      "       

381 

389 

381 

Dry    -       

304 

306 

306 

406 

304 

ReooTery,  per  cent 

08 

08 

07 

07 

08 

Rcodue. 

1 

1.2 

2 

1 

Lo«. 

1 

1.8 

1 

1 

A.B.P 

275 

276 

276 

270 

270 

Sulfur,  per  cent.... 

0.100 

AbfcbyHiSO. 

23.0 

25.5 

36.0 

24.0 

Nitrated... 

5 

Iodine  Number: 

HanuB 

155 

(0.15  gr.) 

Atl.Ref.Co.add.. 

186.40 

•ubet. 

30  40 

total. 

265.20 

KMn0«te8t 

431 

Doetor 

Neg. 

Neg. 

Neg. 

Bad 

••    -fS 

Bad 

Reaetion 

O.K. 
Very  Poor 

... 

Neutral 
Poor 

Neutral 

Odor 

Color 

Yellowish 

-1-0.8  Say. 

L.  Straw 

0« 
Br.  Prec. 

Sunlisfat: 
SeSment 

Color 

3.3« 

Gum: 

Copper  diah 

375 

250 

503.2 

336.7 

705.4 

424  5 

203.6 

Poroelaindish.... 

27.2 

57.5 

46.0 

28 

23.8 

20 

41.2 

••        +Cu... 

150 

80.8 

05.2 

Beaker 

Corrosion: 

Dish 

Bl.Gum 
O.K. 

O.K. 

Vamiah 
O.K. 

Vamiah 
O.K. 

Good 
O.K. 

Bl.  Gum 
O.K. 

Dk.  Gum 
O.K. 

Strip 
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Table  I. — Results  of  Tests  on  Gasoline  (Continued). 
(Gumming  Gasoline) 


Teets. 

Standard 
Oil  Co. 
(Ind.) 

Standard 
OUCo. 

(N.J.) 

Bureau 
of  Mines. 

Atlantic 

Refining 

Co. 

United 

Gas  Imp. 

Co. 

Bureau 

of 

SUndards. 

oifcS. 

General 
Motors 
Corp. 

GraTity 

67.7 

67.7 

66.6 
0.712 

67.3 
0.7122 

0.7126 

67.2 
0.7098 

67.4 
0.7115 

Sp.Gr.60/M*F... 

... 

Refractive  Index... 

... 

1.3966 

DUtUlatioo,  deg. 
Fahr.: 
Initial 

110 
151 
162 
170 
180 
189 
198 
209 
221 
242 

286 
98 

1 

1 

193 

••• 

115 
154 
163 
172 
181 
190 
201 
212 
S26 
250 

297 
97 
08 
2.2 
197 

122 
158 
167 
177 
186 
195 
205 
214 
230 
253 
284 
302 
97 
2 
1 
198 

0.015 

:.: 

116 
168 
167 
175 
184 
192 
202 
213 
226 
346 
268 
289 
98 

1 

10  per  cent 

20      "       

30      "       

40      "       

50      ••       

eo      "      

70      "       

S  "   :-:: 

95      "       

Dry    "       

Recovery,  percent 

Raridue.        •• 

Loee. 

A.B.P 

Sulfur,  per  cent 

AbfcbyHiSOi 

10.0 

11.0 

6.4 

8.0 

Nitrated 

46.5 

(0.5cr.) 

34.96 

6.08 

47.12 

0.6 

Iodine  Number: 

HanuB 

AtLRef.Co.add.. 
subet. 
total. 

KMnOitert 

... 

... 

95 

... 

... 

... 

Doctor 

25.4 
17.6 

Gum. 
O.K. 

20.5 
7.0 
16.4 

o.k. 

Net. 

Acid 
Poor 
W.W. 

,    29.8 

Gum 
O.K. 

Cracked 
W.W. 

19.0 

Gum 
O.K. 

Neg. 

27.4 
4.8 

Good 
O.K. 

Neg. 

Neutral 

Poor 

W.W. 

29.5 
37.0 

Gum 
O.K. 

Bad 
Bad 

Neutral 
8.G. 

23.5 
21.8 
25.4 

Gum 
0.  K. 

"    +8 

Reaction 

Odor 

Color 

*■««* 

Color 

Gum: 

Pore^ndiflh!!! 

"        +Cu... 

Beaker 

... 

Corrosioo: 
Dish 

Strip 
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REPORT  OF  COMMITTEE  D-4 

ON 

ROAD  AND  PAVING  MATERIALS. 

Since  its  last  report  was  presented  to  the  Society,  Committee  D-4 
has  made  considerable  progress  in  the  preparation  of  specifications  and 
methods  of  test,  although  it  has  as  yet  been  unable  to  develop  abso- 
lutely satisfactory  descriptions  of  certain  tests  which  are  referred  to  in 
some  of  its  tentative  specifications.  Sectional  committees  are  at 
present  working  on  these  tests  and  it  is  hoped  that  next  year  the 
committee  will  be  in  a  position  to  recommend  for  adoption  as  standard 
many  of  the  tentative  specifications  which  it  requests  be  allowed  to 
remain  as  tentative  for  the  present. 

No.  I.  Standard  Method  of  Test  far  Softening  Paint  of  Bituminous 
Materials  other  than  Tar  Products  {Ring-and-BaU  Method)  D  86  -  «/.'— 
Since  the  adoption  of  this  method  an  error  has  been  discovered  in  the 
description  of  the  apparatus.  Committee  D-4  therefore  recommends 
that  the  following  correction  be  approved  by  the  annual  meeting  with- 
out requiring  a  change  in  the  date  of  last  revision. 

Section  i  (a).  Change  the  second  sentence  from  its  present  form: 
namely, 

"This  ring  shall  be  attached  in  a  convenient  manner  to  a  No.  15  B.  &  S. 
gage  brass  wire  (diameter  1.79  mm.  -0.0703  in.).'' 

to  read  as  follows: 

''This  ring  shall  be  attached  in  a  convenient  manner  to  a  No.  13  B.  &  S. 
gage  brass  wire  (diameter  1.83  mm.  -0.072  in.)." 

Attention  is  called  to  the  fact  that  if  this  correction  is  approved, 
the  gage  of  wire  shown  in  Fig.  1  should  be  changed  from  No,  15  to 
No.  13. 

No.  2.  Tentative  Specifications  far  Block  for  Granite  Block  Pavements 
{D  59  - 19  T)} — ^The  committee  has  found  no  reason  to  make  any  im- 
portant change  in  this  tentative  standard  and  therefore  recommends 
it  to  the  Society  for  adoption  as  standard  with  the  following  minor 
corrections: 

Section  2. — Change  the  requirements  from  their  present  form: 
namely, 

"For  Heavy  Traffic. 

French  ooeffident  of  wear not  less  than  1 1 

Toughness *     9 

1  1921  Book  of  A.S.T.M.  SUndards. 
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For  Moderately  Heavy  Traffic. 

French  coefficient  of  wear not  less  than    8 

Toughness 7" 

to  read  as  follows: 

"For  Heavy  Traffic. 

Percentage  of  wear not  more  than  3.6 

(French  coefficient  of  wear not  less  than  1 1) 

Toughness not  less  than  9 

For  Moderately  Heavy  Traffic, 

Percentage  of  wear not  more  than  5 

(French  coefficient  of  wear. . . .  •. not  less  than  8 

Toughness not  less  than  7" 

Section  6  (b), — Change  the  last  sentence  from  its  present  form: 
namely, 

''All  blocks  which  fail  to  conform  to  the  requirements  of  Sections  1,  5  and 
6  shall  be  rejected." 

to  read  as  follows: 

''All  blocks  which  fail  to  conform  to  the  requirements  of  Sections  1,  4  and 
5  shall  be  rejected." 

No.  3.  Tentative  Methods  of  Sampling  Stone,  Slag,  Gravel,  Sand  and 
Stone  Block  for  Use  as  Highway  Materials,  including  some  Material 
Survey  Methods  {D  76  -  20  T)J — ^No  criticisms  pf  these  methods  have 
been  received  and  as  the  committee  has  found  no  reason  to  change 
them  they  are  recommended  to  the  Society  for  adoption  as  standard. 

No.  4.  New  Tentative  Test  Recommended  as  a  Substitute  for  the 
Standard  Method  of  Test  for  QuarUity  of  Clay  and  Silt  in  Sand  for  High- 
way Construction  {D  74  -  21),^ — ^As  a  result  of  conference  with  Com- 
mittee C-9,  Committee  D-4  recommends  that  the  Proposed  Tentative 
Method  of  Decantation  Test  for  Sand  and  Other  Fine  Aggregates 
appended  to  the  report  of  Committee  C-9'  be  published  as  tentative  as 
a  substitute  for  the  Standard  Method  of  Test  D  74  -  21.  It  is  under- 
stood that  Committee  C-9  is  in  accord  with  this  recommendation. 
The  committee  accordingly  recommends  the  withdrawal  of  the 
Standard  Method  of  Test  D  74  -  2 1 . 

No.  5.  New  Tentative  Test  Recommended  as  a  Substitute  for  Tenia- 
tive  Specifications  for  Workability  of  Concrete  for  Concrete  Pavements 
{D62-20  T)* — The  committee,  after  considerable  study  of  the  slump 
test,  believes  that  the  presentation  of  the  Tentative  Specifications 
D  62-20  T  was  somewhat  premature  and  recommends  that  this 
specification  be  withdrawn  and  that  the  Proposed  Tentative  Method 
of  Test  for  Consistency  of  Portland-Cement  Concrete  for  Pavements 

^  Proceedings,  km.  Soc.  Test.  Mats.,  Vol.  XX,  p.  789  (1920). 

*  1921  Book  of  A.S.T.M.  Standards. 
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Digitized  by 


Google 


454  Report  of  Committee  D-4 

or  for  Pavement  Base  appended  hereto*  be  published  as  tentative  in 
its  place. 

No.  6.  Tentative  Specifications  for  Coal-Tar  Pitch  for  Block  Filler 
(D  112-21  T)} — The  committee  considers  that  the  material  covered 
by  the  Tentative  Specifications  D  112-21  T  is  not  suitable  for  use 
as  a  filler  for  all  types  of  block  and  recommends  that  the  title  of  these 
specifications  be  changed  by  inserting  the  word  "Stone"  before  the 
word  '*Block"  so  that  it  shall  read  as  follows: 

"Tentative  Specifications  for  Coal-Tar  Pitch  for  Stone  Block  Filler." 
No.  7.  Tentative  Specifications  for  Calcium  Chloride  for  Dust 
Prevention  {D  98  -  21  T).^ — The  conrmiittee  has  thought  it  advisable  to 
broaden  in  some  respects  the  Tentative  Specifications  D  98  -  21  T  and 
at  certain  places  to  insert  more  detailed  requirements.  It  therefore 
recommends  that  these  tentative  specifications  be  amended  as  follows: 

1.  Section  2. — Change  to  read  as  follows  by  the  addition  of  the 
italicized  words  and  figures  and  the  omission  of  the  words  in  brackets: 

"[The]  calcium  chloride  shall  be  in  the  form  of  loose  dry  lumps  or  flakes 
[free  from  dust]  and  fine  enough  to  feed  readily  through  the  common  forms  of 
spreaders  used  in  road  work,  and  when  tested  by  means  of  laboratory  screens  and 
sieves  shall  meet  the  following  requirements: 

Passing  ^  j g-in,  screen 100  per  cent 

Retained  on  ^  / j^-in.  screen not  more  than  20  per  cent 

Passing  20-mesh  sieve not  more  than  10  per  cent" 

2.  Section  3. — Change  to  read  as  follows  by  the  addition  of  the 
italicized  words  and  figures  and  the  omission  of  the  figures  in  brackets: 

"Ten  grams  of  the  material  dissolved  in  100  cc.  of  boiling  water  shall  show 
less  than  1.0  per  cent  insoluble  residue.  Not  more  than  [0.5]  1.0  cc.  of  normal 
acid  shall  be  required  to  neutralize  the  alkalinity  of  the  filtrate,  using  methyl 
orange.  [The  percentage  of  calcium  chloride  shall  be  not  less  than  70  per  cent 
of  the  material  tested.]  The  chemical  composition  shall  conform  to  the  foUamng 
requirements: 

CaCli  {anhydrous),  per  cent not  less  than  73. 

MgCl^t  per  cent not  more  than  0. 5 

NaCl,  per  cent not  more  than  2 . 0 

Other  impurities,  per  cent not  more  than  1 . 0 

The  percentage  of  CaCU  shall  be  calculated  from  the  percentage  of  calcium 
in  the  filtrate  above  referred  to,  after  making  a  deduction  for  the  SO4,  which 
shall  be  assumed  to  be  in  combination  as  CaSOi." 

3.  Section  4. — Change  from  its  present  form:  namely, 

"The  calcium  chloride  shall  be  delivered  in  tight  steel  drums  about  21 
in.  in  diameter  and  32  to  34  in.  in  height.     The  name  of  the  manufacturer, 

»Scep.  805.— Ed. 

^Proceedings,  Am.  Soc.  Test.  MaU..  Vol.  21,  p.  702  (1921). 
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the  lot  number,  the  percentage  of  calcium  chloride  guaranteed  by  the  manu- 
facturer and  the  net  weight  of  contents,  shall  be  plainly  marked  on  each  drum." 

to  read  as  follows: 

'*The  calcium  chloride  shall  be  delivered  in  air-tight  moisture-proof  bags 
or  sacks  containing  approximately  100  lb.  each,  or  in  air-tight  steel  drums 
weighing  not  more  than  350  lb.  each.  The  name  of  the  manufactiu-er,  the  lot 
number,  the  approximate  net  weight,  and  the  percentages  of  calcium  chloride 
guaranteed  by  the  manufacturer  shall  be  plainly  marked  on  each  container." 

4.  Section  5. — Change  from  its  present  form:  namely, 

"Every  facility  for  inspection  shall  be  provided  the  purchaser  at  the  plant. 
The  manufacturer  shall  take  and  retain  a  sealed  sample  of  each  car  lot  of  calcium 
chloride  and  shall  deliver  same  to  the  purchaser,  provided  the  purchaser  does 
not  elect  to  have  his  own  representative  present  at  the  plant  when  the  car 
is  sampled." 

to  read  as  follows: 

"Every  facility  shall  be  provided  the  purchaser  should  he  elect  to  have  his 
own  representative  sample  the  material  at  the  plant.  If  the  purchaser  decides 
to  sample  the  material  after  delivery  in  the  field  it  is  understood  that  a  3-per-cent 
variation  in  content  of  CaCU  from  the  chemical  composition  stated  in  Section  3 
shall  be  permissible. " 

5.  Section  6, — Change  to  read  as  follows  by  the  addition  of  the 
italicized  words  and  the  omission  of  the  words  in  brackets: 

"  Calcium  chloride  shall  be  rejected  if  it  fails  to  pass  any  of  the  requirements 
of  these  sf)ecifications  and  if  it  [cakes  or  becomes  sticky  in  the  drums]  has  be- 
come caked  or  sticky  in  the  containers  before  opening.^* 

No.  8.  Tentative  Specifications  for  Asphalt  Cement  {D  99  -  £1  T) 
(D  100-21  T)  {D  101-21  T)  (D  102-21  T)  {D  108-21  r).i— The 
committee  recommends  that  the  five  tentative  specifications  for 
asphalt  cement  be  amended  as  follows: 

1.  Titles, — Change  to  read  as  follows  by  the  addition  of  the 
italicized   words: 

"  Tentative  Specifications  for  Asphalt  Cement,  40  to  50  Penetration,  for 
Use  in  Sheet  Asphalt  and  Asphaltic  Concrete  Pavements. 

"  Tentative  Specifications  for  Asphalt  Cement,  50  to  60  Penetration,  for 
Use  in  Sheet  Asphalt  and  Asphaltic  Concrete  Pavements. 

*'  Tentative  Specifications  for  Asphalt  Cement,  60  to  70  Penetration,  for 
Use  in  Sheet  Asphalt,  Asphaltic  Concrete ^  and  Asphalt  Macadam  Pavements. 

"  Tentative  Specifications  for  Asphalt  Cement,  70  to  90  Penetration,  for 
Use  in  Asphalt  Macadam  Pavements. 

"  Tentative  Specifications  for  Asphalt  Cement,  90  to  120  Penetration, /(?r 
Use  in  Asphalt  Macadam  Pavements.^* 

2.  Section  L — In  each  of  the  five  specifications  omit  Section  1  on 
"Scope,"  renumbering  the  following  sections  accordingly, 

I  Proceedings,  Am.  Soc.  Test.  MaU.,  Vol.  21.  pp.  681-685  (1921). 
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3.  Section  2  (c).— In  specifications  D  101 ,  D  102  and  D  103,  change 
to  read  as  follows  by  the  addition  of  the  italicized  figures  and  the 
omission  of  the  figures  in  brackets: 

"  {e)  Ductility  at  25**  C.  (77'*  F.) not  less  than  [40]  30  cm." 

4.  Section  2  (/). — In  each  of  the  five  specifications  omit  the 
requirement  for  "Bitumen  Soluble  in  Carbon  Disulfide"  and  substitute 
therefor  the  following: 

"  (/)  Proportion  of  bitumen  soluble  in  carbon 

tetrachloride not  less  than  99  per  cent" 

5.  Section  S  (e). — In  each  of  the  five  specifications  omit  the 
reference  to  the  method  of  determining  bitumen  soluble  in  carbon 
disulfide  and  substitute  therefor  the  following: 

"(e)  Proportion  of  Bitumen  Soluble  in  Carbon  Tetrachloride:  Method 
contained  in  Bulletin  No.  314,  U.  S.  I>epartment  of  Agriculture." 

In  connection  with  recommendation  5,  the  committee  wishes  to 
state  that  it  has  nearly  completed  a  tentative  method  of  determining 
the  proportion  of  bitumen  soluble  in  carbon  tetrachloride  but  until 
the  few  remaining  details  are  worked  out  it  prefers  to  refer  to  the 
method  described  in  Bulletin  No.  S14  of  the  U.  S.  Department  of 
Agriculture. 

No.  9.  Tentative  Method  of  Test  for  Ductility  of  Bituminous 
Materials  (D  US -SI  T).^ — ^The  committee  reconmaends  that  this 
method  be  amended  as  follows: 

1.  Section  5. — Change  the  last  sentence  to  read  as  follows  by  the 
addition  of  the  italicized  words  and  the  omission  of  the  words  in 
brackets: 

*'  It  shall  [then]  be  left  to  cool  [in  the  air  at  a  temperature  not  lower  than 
15.5**  C.  (60**  F.)  J  to  room  temperature  and  then  placed  in  water  maintained  at 
25^  C.  {77^  F.)  for  30  minutes,  after  which  the  excess  of  bitumen  shall  be  cut 
off  by  means  of  a  hot  putty  knife  or  spatula  so  that  the  mold  shall  be  just 
level  fuU." 

2.  Section  7. — Change  the  second  sentence  to  read  as  follows  by 
the  addition  of  the  italicized  figures  and  the  omission  of  the  figures  in 
brackets: 

''While  the  test  is  being  made,  the  water  in  the  tank  of  the  ductility 
machine  shall  cover  the  sample  by  at  least  [5]  2,5  cm.  and  shall  be  kept  con- 
tinuously at  a  temperature  within  0.5*"  C.  of  25**  C.  (77**  F.)." 

No.  10.  Proposed  Tentative  Specifications  and  Methods  of  Tests, — 
Committee  D-4  recommends  that  the  following  proposed  tentative 

I  Proceedings,  Am.  Soc.  Test.  Mats.,  Vol.  21,  p.  704  (1921). 
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specifications  and  methods  of  test  appended  hereto^  be  published  as 
tentative: 

(a)  Specifications  for  Block  for  Recut  Granite  Block  Pavements; 

(6)  Specifications  for  Block  for  Durax  Granite  Pavements; 

(c)  Specifications  for  Asphalt  Cement,  120  to  150  Penetration, 

for  use  in  Asphalt  Macadam  Pavements; 
((f)  Specifications  for  Asphalt  Cement,  10  to  15  Penetration,  for 
the  Manufacture  of  Asphalt  Block; 

Table  I. 


lions. 

I.    TiNTAnrB  SriUfOARM  RcooMiisivraD  roR  Adoption  ab  Standard. 

Tentotive  Speetficatioiw  for  Block  for  Granite  Block  Pkvements  (D  59  -  10  T) 

TenUtive  Methods  of  Sampling  Stone.  Slag.  Gravel.  Sand  and  Stone  Block  for  Use  as 
Highwi^  Matoriab.  including  some  Material  Survey  Methods  (D  75  -  20  T) 

II.    RsnsioK  or  Exwmro  Standard  Ricommrkdcd  for  Adoption. 
Standard  Method  of  Test  for  Softening  Point  of  BItummous  Materials  other  than  Tar 
Piodttets(RincHUid.Ban  Method)  (D  36 -21) 

III.     PROPOUD  TlMTATiyi  STANDARDS  RrOOMMINDRD  AS  SUBBTTrUTR  FOR  EXUTINO 
SrAHDARDt  OR  TrNTATIVR  StANDARDA. 

lYopOBsd  TentatiTe  Method  of  DeoaDtalioD  Test  for  Saod  and  other  Fme  Aggregates 
as  substitute  for  Standard  Method  of  Test  D  74  -  2 1 

Proposed  Tentotiire  Method  of  Test  for  ConsisteBey  of  Portland  Cement  Concrete  for 
nivemeots  or  for  PftTemcDt  Base  as  substitute  for  TenUtiTe  Specifications  D  62  -  20  T 

IV.    Proposid  Rrtisionb  or  EjomtNO  Tintatiti  Stahdards. 

TentatiTe  Speeifieatioos  for  Coal-Titf  Pitch  for  Block  Filler  (D  112  -  21  T) 

Tentative  Speeifieatioos  for  CUdum  Chloride  for  Dust  Prevention  (D  W-  21  T) 

TenUtive  Specifications  for  AqiUlt  Cement,  40  to  50  Penetration  (D  99-21 1%. 

Tentative  Specifications  for  Asphalt  Cement.  50  to  60  Penetration  (D  100  -  21  T) 

Tentative  Spedfications for  Asphalt  Cement,  60  to  70  Penetration  (D  101-21  T) 

Tentative  Spedfications  for  Asphalt  Cement.  70  to  90  Penetration  (D  102  -  21  T) 

Tentative  Spedfieations  for  Aflphah  Cement,  90  to  120  Penetration  (D  103-21  T) 

Tentative  Method  of  Test  for  Ductility  of  Bituminous  Materials  (D  113-21  T) 

V.    PttopooRD  Nrw  Tihtativr  Standards. 

Proposed  Tentative  Spedfications  for  Block  for  Reeut  Granite  Block  Pavements 

Proposed  Tentative  Specifications  for  Btoek  for  Durax  Granite  PRvements 

Proposed  TenUtive  Spedfieations  for  Asphalt  Cement.  120  to  150  Penetration,  for  Bitu- 
minous Macadam  Pavements 

Pronosed  TenUtive  Spedfications  for  Asphalt  Cement,  10  to  15  Penetration,  for  the 
Maoufseture  of  Anplialt  Block 

Proposed  TenUtive  Spedfications  for  Asphalt  Cement.  15  to  25  Penetration,  for  the 
Manufacture  of  Asphalt  Block 

Proposed  TenUtive  Metiiod  of  Mechanical  Analyds  of  Suhrrade  Soils 

PropoKd  TenUUve  Method  of  Float  Test  for  Bituminous  Road  Materials 

Proposed  TenUtive  Methods  of  Sampling  Bitusoinous  Materials 


Ainnn- 
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Neg- 
ative. 
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Voting. 
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31 
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28 
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26 
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29 

24 

32 

0 

22 

31 
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(e)  Specifications  for  Asphalt  Cement,  15  to  25  Penetration,  for 

the  Manufacture  of  Asphalt  Block; 
(/)  Method  of  Mechanical  Analysis  of  Subgrade  Soils; 
(g)  Method  of  Float  Test  for  Bituminous  Road  Materials. 
(A)  Methods  of  Sampling  Bituminous  Materials. 

The  results  of  a  letter  ballot  of  the  committee  upon  the  recom- 
mendations which  have  been  made  relative  to  the  adoption  of  tentative 
standards  and  the  submission  of  new  standards  are  as  given  in  Table  I. 

« See  pp.  786-789,  792-793.  799.  803,  and  8(»-814.— Ed. 
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This  report  has  been  submitted  to  letter  ballot  of  the  committee, 
which  consists  of  54  members,  of  whom  30  have  voted  affirmatively, 
none  negatively,  and  24  have  refrained  from  voting. 

Respectfully  submitted  on  behalf  of  the  committee, 

A.  H.  Blanchard, 
Pr£vost  Hubbard,  Chairman, 

Secretary,  

Editorial  Note. 

The  proposed  revision  of  the  Standard  Method  of  Test  for  Soften- 
ing Point  of  Bituminous  Materials  other  than  Tar  Products  (Ring-and- 
Ball  Method)  referred  to  in  this  report  was  approved  at  the  annual 
meeting  and  subsequently  adopted  as  standard  by  letter  ballot  of  the 
Society  on  August  25,  1922,  as  a  correction  of  the  standard  method. 

The  Tentative  Specifications  for  Block  for  Granite  Block  Pave- 
ments amended  as  indicated  in  this  report  and  the  Tentative  Methods 
of  Sampling  Stone,  Slag,  Gravel,  Stone  and  Stone  Block  for  Use  as 
Highway  Materials,  including  Some  Material  Survey  Methods  were 
approved  at  the  annual  meeting  and  subsequently  adopted  as  standard 
by  letter  ballot  of  the  Society  on  August  25,  1922,  and  appear  in  the 
supplementary  pamphlet  of  A.S.T.M.  Standards  Adopted  in  1922. 

The  proposed  revision  of  the  Standard  Method  of  Test  for  Quan- 
tity of  Clay  and  Silt  in  Sand  for  Highway  Construction  was  accepted 
for  publication  as  a  new  tentative  method  entitled  "Tentative  Method 
of  Decantation  Test  for  Sand  and  Other  Fine  Aggregates,"  and  appears 
on  page  802. 

The  proposed  Tentative  Method  of  Test  for  Consistency  of 
Portland-Cement  Concrete  for  Pavements  or  for  Pavement  Base 
was  accepted  for  publication  as  tentative  and  appears  on  page  805, 
as  a  revision  of  the  Tentative  Specifications  for  Workability  of  Con- 
crete for  Concrete  Pavements. 

The  proposed  revisions  of  the  seven  tentative  specifications  listed 
in  items  Nos.  6  to  8  of  this  report  were  accepted.  The  specifications 
as  thus  revised  appear  on  pages  800,  790  and  794-798. 

The  proposed  revisions  of  the  Tentative  Method  of  Test  for 
Ductility  of  Bituminous  Materials  referred  to  in  Item  No.  9  of  this 
report  were  accepted.  The  method  as  thus  revised  appears  on  page 
807. 

The  eight  proposed  new  tentative  standards  referred  to  in  Item 
No.  10  of  this  report  were  accepted  for  publication  as  tentative  and 
appear  on  pages  786-789,  792-793,  799,  803,  and  809-814. 
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REPORT  OF  COMMITTEE  D-5 

ON 

COAL. 

Committee  D-5  held  two  meetings  during  the  past  year,  one  at 
Asbury  Park,  N.  J.,  June  20,  1921,  and  one  at  Philadelphia,  Pa., 
March  1,  1922. 

Experimental  work  has  been  conducted  on  a  comparison  of  the 
micropyrometer  method  with  the  standard  gas-furnace  method  for 
the  determination  of  the  fusibility  of  coal  ash.  Extensive  work  has 
been  done  on  investigating  specification  forms  for  the  purchase  of 
coal  for  use  in  steam  j)ower  plants,  formulating  definitions  and  terms 
relating  to  coal,  and  preparing  specifications  for  gas  and  by-product 
coal. 

Micropyrometer  Method  for  Coal  Ash  Fusibility. — Sub-Committee 
I  on  Methods  of  Testing,  A.  C.  Fieldner,  Chairman  (this  sub-com- 
mittee is  part  of  a  joint  committee  with  the  American  Chemical 
Society,  W.  A.  Noyes,  Chairman),  conducted  an  extensive  comparison 
of  the  micropyrometer  method  and  the  standard  gas-furnace  method 
for  the  determination  of  the  fusibility  of  coal  ash.  A  large  number  of 
samples  of  coal  ash,  covering  a  wide  range  of  fusibility,  were  selected 
for  making  the  tests.  It  was  found  that  the  two  methods  checked 
fairly  well  on  most  coal  ash  fusing  below  2600°  F.  by  the  gas-furnace 
method,  but  that  very  refractory  ash,  fusing  above  2600°  F.  by  the 
gas-furnace  method,  gave  much  lower  results  by  the  micropyrometer 
method;  consequently  the  two  methods  can  not  be  used  as  alternative 
methods.  Further  work  will  be  done  in  correlating  fusibility  of  coal 
ash,  as  determined  by  the  two  methods,  with  actual  furnace  operation. 
It  is  recommended  that  the  Tentative  Method  of  Test  for  F^uability 
of  Coal  Ash  (D  22  -  19  T),  which  employs  the  gas-furnace  method, 
be  continued  as  tentative  until  such  time  as  experience  will  show 
which  method  agrees  best  with  furnace  practice. 

Tentative  Revisions  of  Standard  Methods  of  Laboratory  Sampling 
and  Analysis  of  Coal  {D  22  -  21). — The  designation  of  porcelain  ware 
by  number  has  led  to  some  confusion,  as  all  manufacturers  do  not  use 
the  same  number  in  designating  similar  sizes.     It. is  recommended 

(459) 
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that  ^zes  only  be  specified  and  that  the  following  revisions  in  the 
Standard  Methods  of  Laboratory  Sampling  and  Analysis  of  Coal 
(D  22  -  21)^  be  published  as  tentative: 

On  page  764  of  the  1921  Book  of  A.S.T.M.  Standards,  line  5, 
omit  "No.  2,"  substituting  in  place  thereof  the  word  "a";  on  page 
766,  line  4,  omit  "No.  2 ";  on  page  769,  beginning  with  the  third  line 
under  Apparatus,  change  the  following  paragraph  from  its  present 
form:  namely, 

"Porcelain,  Silica,  or  Platinum  Crucibles  or  Capsules. — ^For  igniting  coal 
with  the  Eschka  mixture. 

"No.  1  porcelain  capsule,  1  in.  deep  and  2  in.  in  diameter.  This  capsule, 
because  of  its  shallow  form,  presents  more  surface  for  oxidation  and  is  more 
convenient  to  handle  than  the  ordinary  form  of  crucible. 

"  No.  1  porcelain  crucibles,  shallow  form,  and  platinum  crucibles  of  similar 
size  may  be  used.  Somewhat  more  time  is  required  to  bum  out  the  coal,  owing 
to  the  deeper  form,  than  with  the  shallow  capsules  described  above. 

''No.  0  or  00  porcelain  crucibles,  or  platinum,  alundtmi  or  silica  crucibles 
of  similar  size  are  to  be  used  for  igniting  the  BaS04" 

to  read  as  follows: 

"Porcelain,  Silica,  or  Platinum  Crucibles  or  Capsules, — Porcelain  capsules, 
i  in.  deep  and  \\  in.  in  diameter,  or  porcelain  crucibles  of  30  cc.  capacity, 
high  or  low  form,  or  platintmi  crucibles  of  similar  size  are  to  be  used  for  igniting 
coal  with  the  Eschka  mixture. 

"Porcelain,  platinum,  alundum,  or  silica  crucibles  of  10  to  15  cc.  capacity, 
are  to  be  used  for  igniting  the  BaSOi." 

On  page  770,  imder  Method,  change  the  second  sentence  in  the 
first  paragraph,  on  Preparation  of  Sample  and  Mixture,  from  its 
present  form:  namely, 

"Transfer  to  a  No.  1  porcelain  capsule,  1  in.  deep  and  2  in.  in  diameter,  or 
a  No.  1  crucible  or  a  platinum  crucible  of  similar  size,  and  cover  with  about 
1  g.  of  Eschka  mixture." 

to  read  as  follows: 

"Transfer  to  a  porcelain  capsule,  }  in.  deep  and  If  in.  in  diameter,  or  a 
porcelain  crucible  of  30  cc.  capacity,  high  or  low  form,  or  platinum  crucible 
of  similar  size,  and  cover  with  about  1  g.  of  Eschka  mixture." 

Revisions  of  Tentative  Method  of  Test  for  Fusibility  of  Coal  Ash 
(Z?  S2  - 19  T). — ^It  is  reconmaended  that  the  following  revisions  be 
made  in  the  Tentative  Method  of  Test  for  Fusibility  of  Coal  Ash 
(D  22-19T):« 

On  page  799  of  Part  I  of  the  Proceedings  for  1920,  line  9,  omit 
"No.  E,"  change  "4^  in."  to  read  "3i  in.,"  and  "3  in."  to  read 
"2J  in.,"  and  in  line  12,  change  "4|  in."  to  read  "4|  in." 

>  1921  Book  of  A.S.T.M.  Standards. 

^ Proctidings,   Am.  Soc.  Test.  Mat..  Vol.  XX.  Part  I.  p.  796  (1920). 
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Nomenclature  and  Definitions. — Sub-Committee  II,  H.  C.  Porter, 
Chairman,  has  formulated  definitions  of  terms  as  applied  to  coal. 
The  committee  feels  that  a  standardization  of  the  meaning  of  such 
terms  is  needed  by  and  will  be  of  benefit  to  many  branches  of  science, 
industry,  and  commerce.  It  is  recommended  that  the  definitions  of 
terms  appended  hereto^  be  accepted  by  the  Society  for  publication  as 
tentative.  Additional  definitions  are  now  being  formulated  and  will 
be  presented  next  year. 

Specificaiions  for  Gas  and  By-Producl  Coal. — Sub-Committee  III, 
A.  H.  White,  Chairman,  in  conjunction  with  a  committee  of  the 
American  Gas  Association,  is  engaged  in  the  preparation  of  speci- 
fications for  gas  and  by-product  coal.  These  specifications  are  to 
define  the  essential  qualifications  of  coals  suitable  for  the  ntianuf acture 
of  gas  or  metallurgical  coke.  The  sub-committee  has  the  specifica- 
tions largely  completed  and  they  will  be  presented  to  the  Society 
next  year. 

Forms  of  Specifications  and  Standard  Sizes.— Suh-Committee  IV, 
Hubb  Bell,  Chairman,  in  conjunction  with  fuel  committees  of  the 
National  Association  of  Purchasing  Agents  and  the  National  Electric 
Light  Association,  made  an  extensive  study  of  specifications  for  the 
purchase  of  coal  for  use  in  steam  power  plants.  They  reported  that  it 
is  impossible  to  formulate  standard  specifications  for  steam  coal 
owing  to  the  peculiar  conditions  obtaining  at  each  plant.  The 
selection  of  coal  for  a  given  plant  is  necessarily  governed  by  its  own 
particular  furnace  installation  and  by  the  economically  available  coals 
of  the  district  in  which  it  is  located. 

In  the  course  of  its  work,  Sub-Committee  IV  collected  from  various 
sources  a  large  number  of  forms  of  specifications  and  contracts  for 
purchasing  coal  used  by  Federal,  State,  and  Municipal  Governments, 
Public  Utilities,  and  other  corporations.  From  this  data  jbl  general 
form  of  specification  contract  for  purchasing  coal  was  prepared  by  the 
sub-committee  and  reported  to  the  main  committee.  The  general 
committee  decided  that  this  "form  of  specification  or  contract"  was 
a  business  rather  than  a  technical  matter  and  therefore  was  outside  the 
province  of  the  standards  of  the  Society.  The  chairman  of  the  sub- 
committee was  therefore  requested  to  read  a  separate  paper  before  the 
Society  on  the  subject  of  '*  Forms  of  Specifications,"*  to  include  the 
general  contract  form  and  other  business  matters,  for  the  benefit  of 
those  interested  in  the  buying  and  selling  of  coal  for  steam  power 
plants. 

>Seep.  825.— Bo. 

*  This  paper  appears  in  Part  II  of  the  Proceedints,  p.  567.     For  a  general  discusskm  on  coal 
purchase  specMcatiops,  see  Fart  l(  qH  the  Proeetdings,  p.  572.— -Ed. 
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In  conjunction  with  committees  of  the  American  Mining  Congress 
and  the  American  Society  of  Mechanical  Engineers,  Sub-Committee 
IV  will  consider  the  standardization  of  anthracite  sizes  during  the 
coming  year. 

This  report  has  been  submitted  to  letter  ballot  of  the  committee, 
which  consists  of  32  members,  of  whom  23  have  voted  affirmatively, 
1  negatively,  and  8  have  refrained  from  voting. 

Resj)ectfully  submitted  on  behalf  of  the  conmiittee, 

A.   C.   FlELDNER, 

Chairmati. 
W.  A.  Selvig, 

Secretary. 


Editorial  Note. 

The  proposed  revisions  of  the  Standard  Methods  of  Laboratory 
Sampling  and  Analysis  of  Coal  were  accepted  for  publication  as  ten- 
tative and  appear  on  page  992. 

The  proposed  revisions  of  the  Tentative  Method  of  Test  for 
Fusibility  of  Coal  Ash  were  accepted.  The  method  of  test  as  thus 
revised  appears  on  page  815. 

The  proposed  Tentative  Definitions -of  Terms  Relating  to  Coal 
referred  to  in  this  report  were  accepted  for  publication  as  tentative 
and  appear  on  page  825. 
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REPORT  OF  COMMITTEE  D-6 

ON 

COKE. 

Committee  D-6  held  two  meetings  in  the  past  year,  one  at  Asbury 
Park,  N.  J.,  June  20  and  21,  1921,  and  the  other  at  Pittsburgh,  Pa., 
March  15,  1922. 

Extensive  experimental  work  has  been  conducted  on  the  repro- 
ducibility and  significance  of  tests  for  determining  the  physical  prop- 
erties of  coke. 

Shatter  Test. — The  shatter  test  which  has  been  in  conmion  use 
for  some  years  was  standardized  and  a  series  of  comparative  tests  was 
made  by  several  laboratories  using  both  the  shatter  testing  machine 
and  a  simplified  form  of  this  test  in  which  the  coke  was  placed  in  a 
bag  and  dropped  from  a  height  of  6  ft.  upon  a  steel  plate  or  concrete 
floor  from  three  to  five  times.  Each  of  the  laboratories  participating 
in  this  investigation  was  able  to  so  conduct  the  bag  test  that  similar 
results  were  obtained  to  that  of  the  shatter  test  machine  as  shown  in 
Table  I. 

However,  it  was  apparent  that  certain  slight  modifications  in  the 
procedure  produced  different  results  so  that  one  operator  recommends 
three  drops,  another  four,  and  another  five  in  order  to  obtain  the  same 
results  as  with  the  machine  shatter  test.  After  careful  consideration 
of  the  results  obtained,  the  committee  decided  to  eliminate  the  bag 
shatter  test  from  further  consideration.  It  is  recommended  that  the 
Tentative  Method  of  Shatter  Test  for  Coke  (using  machine)  appended 
to  this  report^  be  accepted  for  publication  as  tentative. 

Tumbler  Test, — Experimental  work  in  the  use  of  the  tmnbler 
barrel  for  determining  the  "hardness"  or  "friability"  of  coke  did  not 
furnish  sufficiently  definite  information  on  the  interpretation  or  prac- 
tical value  of  the  results  to  justify  recommending  this  test  as  tentative 
at  the  present  time.  Further  investigations  will  be  carried  on  by  the 
committee  during  the  coming  year. 

Contbtistibility  Tests, — ^The  relative  combustibility  of  coke  in  air 
and  the  rate  of  reaction  with  carbon  dioxide  are  thought  to  be  im- 
portant factors  in  the  suitability  of  coke  for  metallurgical  purposes. 
The  committee  has  experimental  work  in  progress  on  this  phase  of  the 
subject  and  hopes  to  report  progress  next  year. 

Porosity  of  Coke. — Experimental  work  is  being  conducted  on 
methods  for  determining  the  specific  gravity  and  cell  space  of  coke. 
It  is  hoped  to  present  tentative  methods  for  their  determination  next 
year. 

»  See  p.  822.— Ed. 
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Tentative  Revisions  of  Standard  Methods  of  Laboratory  Sampling 
and  Analysis  of  Coke  {D  37  -  21). — The  designation  of  porcelain  ware 
by  number  has  led  to  some  confusion  as  all  manufacturers  do  not  use 
the  same  number  to  designate  similar  sizes.  It  is  therefore  recom- 
mended that  sizes  only  be  specified  and  that  the  following  revisions  in 


Table  I.— 

Comparison  of  Machine  and  Bag  Shatter  Tests  by  Different 
Operators  on  Various  Cokes. 

Coke. 

Maolime. 

Bi«. 

Opentor. 

Number 
ofDroiM. 

Number 
ofTerta. 

R«taiii6d 
on24&. 
Soreen, 
Average, 
percent. 

Number 
of  Drops. 

Number 
of  Tests. 

Retainad 
oii»>iii. 
Seraen. 
ATerace. 
peroeut 

Diffcranes 
betiresQ 

iSsiiliiiie 
Tests. 

A 

10 

11 

12 

4 
4 

4 
4 

4 

4 

4 

4 
4 

4 

4 

4 

10 
10 

20 

13 
10 

68.0 
62.0 

52.fi 
43.0 

08.0 

70.0 

74.0 

80.0 

76.0 

71.8 
76.3 
09.6 

10 
10 

20 

10 
17 

67.8 
72.6 

68.1 
36.8 

73.7 

84.0 
82.0 
74.0 

80.0 
76.0 

n.Q 

86.0 
80.0 

82.0 
77.0 

68.0 
77.3 
67.1 

+8.4 

A 

+0  6 

B 

iSI 

B 

C 

+6.1 

D 

+8.0 

D 

+6  0 

D 

-2.0 

D 

+6.0 

D 

+2  0 

D 

-2.0 

D 

+6  0 

D 

0.0 

D 

+6.0 

D<,-; 

+1.0 

E 

-2.0 

E 

+10 

E 

-2.6 

the  Standard  Methods  for  Laboratory  Sampling  and  Analysis  of  Coke 
(D  37  -  21)^  be  published  as  tentative: 

On  page  790  of  the  1921  Book  of  A.S.T.M.  Standards,  line  1, 
omit  "No.  2";  on  page  791,  line  4,  omit  "No.  2";  on  page  794, 
beginning  with  the  third  line  under  Apparatus,  change  the  following 
paragraph  from  its  present  form:  namely, 

"Porcelain,  Silica,  or  Platinum  Crucibles  or  Capsules. — For  igniting  coke 
with  the  Eschka  mixture. 

''No.  1  porcelain  capsule,  1  in.  deep  and  2  in.  in  diameter.  This  capsule, 
because  of  its  shallow  form,  presents  more  surface  for  oxidation  and  is  more 
convenient  to  handle  than  the  ordinary  form  of  crucible. 

''No.  1  porcelain  crucibles,  shallow  form,  and  platiniun  crucibles  of  similar 
size  may  be  used.  Somewhat  more  time  is  required  to  bum  out  the  coke  owing 
to  the  deeper  form,  than  with  the  shallow  capsules  described  above. 

>  1921  Book  of  A.S.T.M.  Standards. 
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''No.  0  or  00  porcelain  crudblesi  or  platinum,  alundum  or  silica  crucibles 
of  similar  size  are  to  be  used  for  igniting  the  BaS04." 

to  read  as  follows: 

**  Porcelain,  Silica,  or  Platinum  Crucibles  or  Capsules. — Porcelain  capsules, 
i  in.  deep  and  If  in.  in  diameter,  or  porcelain  crucibles  of  30  cc.  capacity,  high 
or  low  form,  or  platintmi  crucibles  of  similar  size  are  to  be  used  for  igniting  coke 
with  the  Rschka  mixture. 

"Porcelain,  platinum,  alxmdum,  or  silica  crucibles  of  10  to  15  cc.  capacity, 
are  to  be  used  for  igniting  the  BaSOi." 

On  page  795,  under  Method,  change  the  first  paragraph  on  Prep- 
aration of  Sample  and  Mixture  from  its  present  form:  namely, 

*^  Preparation  of  Sample  and  Mixture, — Thoroughly  mix  on  glazed  paper, 
1  g.  of  60-mesh  coke  and  3  g.  of  Eschka  mixture.  Transfer  to  a  No.  1  porcelain 
capsule,  1  in.  deep  and  2  in.  in  diameter,  or  a  No.  1  porcelain  crucible  or  platinum 
crucible  of  similar  size,  and  cover  with  about  1  g.  of  Eschka  mixture." 

to  read  as  follows: 

^*  Preparation  of  Sample  and  Mixture, — Thoroughly  mix  on  glazed  paper, 
1  g.  of  60-mesh  coke  and  3  g.  of  Eschka  n:uxture.  Transfer  to  a  porcelain 
capsule, }  in.  deep  and  1 1  in.  in  diameter,  or  a  porcelain  crucible  of  30  cc.  capacity 
high  or  low  form,  or  platinum  crucible  of  similar  size,  and  cover  with  about 
1  g.  of  Eschka  mixture." 

Tentative  Definitions  of  Terms  Relating  to  Coke  (D  HI  -  21  T).— 
It  is  recommended  that  the  Tentative  Definitions  of  Terms  Relating 
to  Coke  be  allowed  to  stand  as  tentative  for  another  year  to  permit  their 
review  and  coordination  with  definitions  of  terms  relating  to  coal,  by 
Committee  E-8. 

This  report  has  been  submitted  to  letter  ballot  of  the  committee, 
which  consists  of  17  members,  of  whom  12  have  voted  affirmatively, 
none  negatively,  and  5  have  refrained  from  voting. 

Respectfully  submitted  on  behalf  of  the  conmiittee, 

Richard  Moldenke, 
Chairman. 

A.  C.  FlELDNER, 

Secretary. 

Editorial  Note. 

The  proposed  revisions  of  the  Standard  Methods  of  Laboratorj' 
Sampling  and  Analysis  of  Coke  referred  to  in  this  report  were  accepted 
for  publication  as  tentative  and  appear  on  page  993. 

The  proposed  Tentative  Method  of  Shatter  Test  for  Coke  referred 
to  in  this  report  was  accepted  for  publication  as  tentative  and  appears 
on  page  822. 
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REPORT  OF  COMMITTEE  0-7 

ON 

TIMBER. 

Committee  D-7  held  one  meeting  during  the  year.  The  prin- 
dpal  activities  for  the  year  have  been  centered  in  the  sub-committees, 
and  considerable  progress  is  being  made. 

One  of  the  important  phases  of  the  work  of  Committee  D-7  is 
that  which  is  vested  in  Sub-Committee  IX  on  Methods  of  Testing. 
This  sub-coDMnittee  during  the  past  year  has  devoted  its  efforts  to  the 
preparation  of  specifications  governing  methods  of  testing  small  clear 
specimens  of  timber.  This  problem  was  undertaken  first  because  of 
its  importance  at  the  present  time.  It  is  the  intention  to  give  con- 
sideration to  methods  of  testing  structural  timbers  at  a  later  date. 

As  pointed  out  in  the  last  report,  the  work  on  methods  of  testing 
has  proceeded  with  the  thought  in  mind  of  developing  standards 
which  will  give  data  comparable  to  that  now  available  for  over  150 
species  of  wood,  embracing  over  a  half  million  tests,  and  at  the  same 
time,  embody  such  modifications  as  experience  has  shown  desirable. 
On  this  basis,  Sub-Conunittee  IX  has  prepared  Tentative  Methods 
of  Testing  Small  Clear  Specimens  of  Timber,^  which  are  recom- 
mended for  publication  as  tentative.  The  methods  were  submitted 
to  letter  ballot  of  the  committee,  which  consists  of  37  members,  of 
whom  23  have  voted  affirmatively,  none  negatively,  and  14  have 
refrained  from  voting. 

Sub-Committee  I  on  Classification  and  Designation  of  Southern 
Yellow  Pines  is  now  -studying  the  specifications  for  Southern  yellow 
pine,  and  is  taking  under  consideration  the  advisability  of  modifying 
the  present  rules  for  this  species  as  appearing  in  the  Standard  Speci- 
fications for  Yellow-Pine  Bridge  and  Trestle  Timber  (D  10  -  15). 

The  Sub-Committee  on  Nomenclature  and  Definitions  has  under 
way  the  revision  of  the  Definitions  of  certain  terms,  particularly  the 
definitions  of  shakes  and  checks.  A  questionnaire  was  sent  to  different 
members  of  Conmiittee  D-7  to  obtain  the  viewpoint  of  the  whole  com- 
mittee. After  sub-conunittee  action,  the  definitions  will  be  presented 
to  the  main  committee  for  consideration. 

Committee  D-7  is  cooperating  with  Committee  E-1  on  Methods 
of  Testing  in  its  effort  to  unify  the  distillation  test  methods  of  the 

» See  p.  827.— Ed. 
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various  standing  committees,  and  is  represented  on  the  Sub-Com- 
mittee on  Volatility  (formerly  Sub-Committee  on  Unification  of  Dis- 
tillation Tests)  which  was  formed  for  this  purpose.  Extensive  experi- 
mentation is  being  carried  on  to  obtain  data  which  will  permit  an 
intelligent  study  of  the  methods  of  distillation  belore  the  sub-com- 
mittee. 

This  report  has  been  submitted  to  letter  ballot  of  the  committee, 
which  consists  of  37  members,  of  whom  23  have  voted  affirmatively, 
none  negatively,  and  14  have  refrained  from  voting. 

Respectfully  submitted  on  behalf  of  the  committee, 

Hermann  Von  Schrenk, 
Chairman* 
J.  A.  Newun, 

Secretary. 


Editorial  Note. 

The  proposed  Tentative  Methods  of  Testing  Small  Clear  Speci- 
mens of  Timber  referred  to  in  this  rej)ort  were  accepted  for  publication 
as  tentative  and  appear  on  page  827. 
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REPORT  OF  COMMITTEE  D-8 

ON 
WATERPROOFING  MATERIALS. 

For  a  number  of  years  past  Committee  D-8  has  made  no  formal 
report  to  the  Society.  During  this  period,  however,  it  has  undergone 
reorganization  and  since  the  last  annual  meeting  has  made  considerable 
progress  in  the  formulation  of  tentative  methods  of  test  and  sampling 
and  in  the  revision  of  the  tentative  specifications  for  which  it  was 
originally  responsible. 

Many  new  members  have  been  secured  and  a  number  of  new 
sub-committees  have  been  created.  While  some  of  these  sub-com- 
mittees have  as  yet  been  unable  to  produce  results  which  warrant 
the  committee  in  making  definite  recommendations  to  the  Society, 
it  is  felt  that  before  the  next  annual  meeting  much  additional  material 
will  be  available  upon  which  to  base  the  committee's  report.  The 
present  organization  of  the  committee  includes  the  following  sub- 
committees: 

On  Nomenclature  and  Definitions* 
On  Service  Tests. 

On  Bituminous  Grouts  and  Mastics. 
On  Membrane  Waterproofing  Materials. 

On  Waterproofing  Signal  Wire  Conduits  and  Electrical  Installa- 
tions. 

Proposed  Revision  of  Tentative  Specifications. 

1.  Tentative  Specifications  for  Asphalt  for  Use  in  Damp-proofing 
and  Waterproofing  (D  Ifi-lH  T)} — The  conmiittee  has  given  very 
careful  consideration  to  the  revision  of  these  tentative  specifications 
and  recommends  as  a  substitute  the  following  two  specifications  ap- 
pended hereto*  to  be  published  as  tentative: 

(a)  Tentative    Specifications    for    Asphalt    for  Use  in  Damp- 
proofing  and  Waterproofing  below  Ground  Level. 
(6)  Tentative   Specifications   for  Asphalt   for  Use   in   Damp- 
proofing  and  Waterproofing  above  Ground  Level. 

>  Procetdings,  Am.  Soc.  Test.  Mats..  Vol.  XX,  Part  I.  p.  716  (1920). 
'  See  pp.  863-B66.— Bd. 
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2.  Tentative  Specifications  for  Primer  for  Use  with  Asphalt  for 
Use  in  Damp-proofing  and  Waterproofing  (D  41-17  T).^ — ^Thc 
committee  has  completely  revised  these  specifications  so  as  to  make 
them  more  complete  and  at  the  same  time  applicable  for  use  with 
the  two  new  specifications  referred  to  in  the  preceding  paragraph. 
It  therefore  recommends  that  they  be  accepted  for  publication  as 
tentative  in  their  proposed  revised  form  as  appended  hereto*  under 
the  title  "Tentative  Specifications  for  Primer  for  Use  with  Asphalt 
in  Damp-proofing  and  Waterproofing  below  and  above  Ground  Level." 

3.  Tentative  Specifications  for  Coal-Tar  Pitch  for  Use  in  Damp- 
proofing  and  Waterproofing  {D  Jfi-17  T),^ — ^The  same  policy  regard- 
ing these  specifications  has  been  followed  as  in  the  case  of  the  Tenta- 
tive Specifications  for  Asphalt  for  Use  in  Damp-proofing  and  Water- 
proofing. The  committee  therefore  recommends  that  as  a  substitute 
the  following  two  specifications  appended  hereto^  be  published  as 
tentative: 

(a)  Tentative  Specifications  for  Coal-Tar  Pitch  for  Use  in  Damp- 
proofing  and  Waterproofing  below  Ground  Level. 

(6)  Tentative  Specifications  for  Coal-Tar  Pitch  for  Use  in  Damp- 
proofing  and  Waterproofing  above  Ground  Level. 

4.  Tentative  Specifications  for  Creosote  Oil  for  Priming  Coal  with 
Coal-Tar  Pitch  for  Use  in  Damp-proofing  and  Waterproofing  {D  43- 
17  T) .' — ^In  line  with  the  recommendation  for  revision  of  the  Tentative 
Specifications  for  Primer  for  Use  with  Asphalt,  the  committee  recom- 
mends that  these  specifications  as  revised  be  accepted  for  publication 
as  tentative  as  appended  hereto* under  the  title  "Tentative  Specifica- 
tions for  Creosote  Oil  for  Priming  Coat  with  Coal-Tar  Pitch  in  Damp- 
proofing  and  Waterproofing  below  and  above  Ground  Level." 

New  Methods  Submitted  as  Tentative. 

5.  Committee  D-8  recommends  that  the  following  proposed 
tentative  methods  appended  hereto^  be  published  as  tentative: 

(a)  Methods  of  Testing  Felted  and  Woven  Fabrics  Saturated 

with  Bituminous  Substances  for  Use  in  Waterproofing. 

(b)  Methods  of  Testing  Bituminous  Mastics,  Grouts  and  Like 

Mixtures. 
(r)  Method  of  Sampling  Bituminous  Materials  Shipped  in  Barrels 
or  Drums. 

1  Proceedings,  Am.  Soc.  Test.  Mats..  Vol.  XX.  Part  I.  p.  720  (1920). 

>  See  p.  867.— Bd. 

>  Proceedings,  Am.  Soe.  Test.  Mats..  Vol.  XX.  Part  I.  p.  721  (l920). 

•  See  pp.  869-872.— Ed. 

•  Proceedings,  Am.  Soc.  Test.  Mats..  Vol.  XX,  Part  I.  p.  725  (l920). 

•  Se«  p.  873.— Ed. 
'See  pp.  875-891.— Ed. 
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The  results  of  a  letter  ballot  of  the  committee  upon  the  recom-  • 
niendations  which  have  been  made  relative  to  the  submission  of  new 
standards  are  as  follows: 


Item. 


AflBrm- 
Alive. 


Net- 

Ative. 


Not 

VotlDf. 


I.    PmrouD  Tbmtatiti  Standasm  RiooKiairoBD  as  SuBanTon  fob 
EzvToro  Tbmtatitb  Stamvasb*. 
ftopoMd  TsBtatave  SpeoifioBtiou  for  Asphalt  for  Uie  in  D»inp-proo6ng  and  Water- 

proofing  below  Oround  Level 

Proposed  Tentative  Spedficationa  for  Asphalt  for  Use  in  Damp-proofing  and  Water- 
proofing above  Ground  Level 

(Nom.— These  two  specifications  to  be  substitnted  for  TenUtive  Specifica- 
tions D  40-17  T.) 
Proposed  Tentative  Spedfications  for  Coal-Tar  Pitch  for  Use  in  Damp-proofing  and 

Waterproofing  below  Ground  Level 

Proposed  Tentative  SpecificaUons  for  Coal-Tar  Btch  for  Use  in  Damp-Proofing  and 

Waterproofing  above  Ground  Level '!.... 

(Nom.— These  two  spedficatioos  to  be  substituted  for  Tentative  Spedfications 
D  42-17  T.) 

II.    Pbomobd  RnviflioNS  or  Exisnifo  Tbntativb  STANnASBa. 
Tentative  Spedfications  for  Primer  for  Use  with  Asphalt  for  Use  in  Damp-proofing  and 

Waterproofing  (D  41  - 17  T) 

Tentotive  Specifications  for  Creosote  Oil  for  PrimingCoat  with  Coal-Tar  Btch  for  Use 

in  Damp-proofingand  Waterproofing  (D  43  -  17  T) 

III.    PttOPoasD  Nbw  Tbrtahvb  Standabbs. 
Proposed  Tentative  Methods  of  Testing  Felted  and  Woven  Fabries  Saturated  with  Bitu- 
minous Substances  for  Use  in  Waterproofing 

Proposed  Tentative  Methods  of  Teetinp  Bituminous  Mastics,  Grouts  and  Like  Mixtures 

Proposed  Tentative  Method  of  Sampling  Bituminous  Materials  Skipped  in  Barrels  or 

Drums 


22 
23 


22 
22 


22 
22 


22 

22 


This  report  has  been  submitted  to  letter  ballot  of  the  committee, 
which  consists  of  28  members,  of  whom  22  have  voted  affirmatively, 
none  negatively,  and  6  have  refrained  from  voting. 

Respectfully  submitted  on  behalf  of  the  conmiittee, 

C.  N.  Forrest, 
Vice-Chairman. 
Pr#.vost  Hubbard, 
Secretary. 


Editorial  Note. 

The  proposed  Tentative  Specifications  for  Asphalt  for  Use  in 
Damp-proofing  and  Waterproofing  below  Ground  Level  and  the 
proposed  Tentative  Specifications  for  Asphalt  for  Use  in  Damp- 
proofing  and  Waterproofing  above  Ground  Level  were  accepted  for 
publication  as  tentative  and  appear  on  pages  863-866,  as  revisions  of 
the  Tentative  Specifications  for  Asphalt  for  Use  in  Damp-proofing 
and  Waterproofing.  The  proposed  Tentative  Specifications  for  Coal- 
Tar  Pitch  for  Use  in  Damp-proofing  and  Waterproofing  below  Ground 
L^vel  and  the  proposed  Tentative  Specifications  for  Coal-Tar  Pitch 
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for  Us6  in  Damp-proofing  and  Waterproofing  above  Ground  Level 
were  accepted  for  publication  as  tentative  and  appear  on  pages  869-872 
as  revisions  of  the  Tentative  Specifications  for  Coal-Tar  Pitch  for 
Use  in  Damp-proofing  and  Waterproofing. 

The  proposed  revisions  of  the  Tentative  Specifications  for  Primer 
for  Use  with  Asphalt  for  Use  in  Damp-proofing  and  Waterproofing 
and  of  the  Tentative  Specifications  for  Creosote  Oil  for  Priming  Coat 
with  Coal-Tar  Pitch  for  Use  in  Damp-proofing  and  Waterproofing 
were  accepted.  The  tentative  specifications  as  thus  revised  appear 
on  pages  867  and  873,  respectively. 

The  proposed  Tentative  Methods  of  Testing  Felted  and  Woven 
Fabrics  Saturated  with  Bituminous  Substances  for  Use  in  Waterproof- 
ing, the  proposed  Tentative  Methods  of  Testing  Bituminous  Mastics, 
Grouts  and  Like  Mixtures  and  the  proposed  Tentative  Method  of 
Sampling  Bituminous  Materials  Shipped  in  Barrels  or  Drums  were 
accepted  for  publication  as  tentative  and  appear  on  pages  875-891. 
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REPORT  OF  COMMITTEE  D-9 

ON 
ELECTRICAL  INSULATING  MATERIALS. 

The  committee  has  held  two  meetings  during  the  year  in  addition 
to  the  one  to  be  held  during  this  annual  meeting  of  the  Society.  Both 
of  the  fonner  meetings  were  held  in  New  York,  one  on  November  22, 
1921,  and  the  other  on  March  3  and  4,  1922. 

The  activities  of  the  committee  have  been  along  the  lines  followed 
in  preceding  years:  namely,  the  development  and  standardization  of 
tests  and  test  procedures  for  electrical  insulating  materials  of  various 
kinds.  The  work  is  carried  on  by  six  sub-committees  dealing  with  the 
various  general  classes  of  materials  as  follows: 

Varnishes. 

Molded  materials. 

Sheet  or  laminated  insulation.  , 

Liquid  insulation. 

Porcelain. 

Cable  splicing  and  pot-head  compounds. 

Existing  Standards. 

This  committee  has  four  tentative  standards  before  the  Society 
at  the  present  time.  The  following  action  on  these  tentative  standards 
is  recommended: 

Tentative  Methods  of  Testing  Molded  Insulating  Materials  (J)  48- 
21  T).^ — ^These  methods  of  test  have  been  pubUshed  as  tentative  for 
five  years  during  which  time  no  impK>rtant  criticism  has  been  received. 
Certain  minor  revisions  were  made  last  year  hut  none  of  these  has 
been  criticised.  These  methods  are  now  generally  recogm'zed  as  the 
standard  in.  the  art  and  the  committee  recommends  that  they  be 
adopted  as  standard. 

Tentative  Methods  of  Testing  Insulating  Varnishes  {D  115-  21  T).^ 
— A  few  criticisms  of  these  methods  and  suggestions  for  improvement 
having  been  received,  the  committee  recommends  that  the  following 
revisions  be  made: 

Section  4. — Experience  shows  that  fire  point  is  unimportant  in 
these  varnishes  if  a  flash  test  is  made.  Accordingly,  change  Section 
4  from  its  present  form:  namely, 

"4.  Apparatus. — (a)  The  flash  point  shall  be  measured  with  a  closed-cup 
tester  and  the  fire  point  with  an  open-cup  tester. 

*'{b)  The  type  of  tester  shall  be  stated  in  the  report." 

>  Proc€€dinis.  Am.  Soc.  Test.  Mats..  Vol.  21.  p.  71 1  (1921>. 
» Ibid,,  p.  722. 

(472) 
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to  read  as  follows: 

"4.  Procedure  for  Flash  Point. — The  flash  point  shall  be  determined  in 
accordance  with  the  Standard  Method  of  Test  for  Flash  Point  of  Volatile 
Flammable  Liquids  (Serial  Designation:  D  56)  of  the  American  Society  for 
Testing  Materials." 

Section  6. — Omit  this  section,  reading  as  follows,  renumbering 
the  remaining  sections  accordingly: 

"5.  The  rate  of  heating  shall  be  about  2  to  3**  C.  (3.6  to  5.4**  F.)  per  minute 
for  low  flash  point  varnishes  and  about  5  to  8°  C.  (9  to  14°  F.)  per  minute  for 
high  flash  point  varnishes.  The  test  flame  shall  not  be  applied  oftener  than 
once  every  3°  C.  (5.4°  P.)  for  low  flash  point  varnishes;  or  5°  C.  (9°  F.)  for  high 
flash  point  varnishes.  The  first  application  of  the  test  flame  shall  be  at  a 
temperature  not  lower  than  10°  C.  (18°  F.)  below  the  flash  point.  The  test 
flame  shall  be  applied  at  a  distance  of  about  1  cm.  (0.394  in.)  from  the  surface 
of  the  varnish." 

Section  7  (b). — To  take  care  of  the  variation  in  the  characteristic 
of  time  of  setting  in  different  varnishes,  change  to  read  as  follows  by 
the  addition  of  the  italicized  words  and  the  omission  of  the  words  in 
brackets: 

"In  the  case  of  baking  varnishes,  six  specimens  shall  be  dipped  and  allowed 
to  drain  [for  30  minutes]  at  a  room  temperature  of  approximately  20*^  C.  (68*^  F.) 
[and  then]  uniil  the  varnish  is  set  as  indicated  when  the  impression  left  on  the 
surface  by  pressing  lighUy  thereon  with  a  finger  will  not  become  obliterated  by 
further  flow  of  the  material.  They  are  then  to  be  dried  in  free  air  in  an  oven  at 
approximately  100**  C.  (212**  F.).  At  the  end  of  the  first  30  minutes,  and  again 
at  the  end  of  each  10-minute  period  thereafter,  one  specimen  shall  be  taken 
from  the  oven  and  examined." 

Section  10  (a), — Change  the  second  sentence  from  its  present 
form:  namely, 

"The  potential  shall  be  applied  at  a  low  value  and  gradually  raised  at  a 
rate  of  approximately  500  volts  per  second  until  puncture  occurs." 

to  read  as  follows: 

"The  potential  shall  be  applied  at  a  low  value  and  gradually  raised  at  a 
rate  such  that  puncture  will  occur  in  about  ten  to  fifteen  seconds." 

This  change  is  recommended  in  order  to  eliminate  the  heating 
effect  as  much  as  possible  and  make  the  test  consistent  with  the  pro- 
posed Tentative  Method  of  Test  for  Momentary  Dielectric  Strength 
of  Sheet  Insulating  Materials  submitted  with  this  report. 

Section  14' — Change  from  its  present  form:  namely, 

"For  the  heat  endurance  test,  a  specimen  shall  be  prepared  as  in  Section  9. 
After  first  removing  not  less  than  1.27  cm.  (0.5  in.)  from  one  edge,  7  strips 
shall  be  cut  from  the  same  edge,  each  1.9  cm.  (0.75  in.)  wide." 

to  read  as  follows: 

"For  the  heat  endurance  test,  specimens  shall  be  prepared  as  in  Section  9. 
After  removing  not  less  than  12.7  nmi.  (0.5  in.)  from  one  edge  of  the  specimens. 
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the  required  number  of  strips  shall  be  cut  from  the  same  edge,  each  19  mm 
(0.75  in.)  wide." 

Section  15  (a). — Change  from  its  present  form:  namely, 

"  (a)  Six  of  the  seven  specimens  prepared  for  this  test  shall  be  placed  in  a 
uniformly  heated  oven  in  which  the  temperature  is  maintained  at  100**  C. 
(212**  F.)  within  «*=  5**  C.  (9**  P.).  A  specimen  shiall  be  removed  at  the  end 
of  50,  100,  200,  300,  400  and  500  hours  respectively  and,  together  with  the 
initial  specimen,  shall  be  tested  as  follows  at  a  room  temperature  of  approxi- 
mately 20**  C.  (68**  P.)." 

to  read  as  follows: 

**  After  setting  as  shown  by  the  test  indicated  in  Section  7  (6),  the  strips . 
referred  to  in  Section  14  shall  be  placed  in  a  uniformly  heated  oven  in  which 
the  temperature  is  maintained  at  100**  C.  (212**  P.)  within  *  5**  C.  (9**  P.). 
A  strip  shall  be  removed  at  the  end  of  1,  2,  4, 8  and  24  hours  respectively  and 
every  24  hours  thereafter.  These,  together  with  the  initial  strip,  shall  be 
tested  as  follows  at  a  room  temperature  of  approximately  20®  C.  (68®  P.)". 

The  committee  recommends  that  the  tentative  methods  of  test  as 
revi.sed  be  continued  as  tentative. 

Two  new  sections,  on  solid  content  and  rate  of  evaporation, 
respectively,  have  been  tentatively  agreed  upon  but  are  not  yet  in 
final  form.  They  will  be  submitted  at  the  next  annual  meeting 
with  perhaps  a  section  on  draining. 

Tentative  Methods  of  Testing  Electrical  Porcelain  {D  116  -  21  T).^ 
— This  method  of  test  has  been  approved  by  the  Committee  on 
Standards  of  the  American  Ceramic  Society.  However,  certain  minor 
changes  have  been  suggested  but  the  committee  requires  further  time 
to  study  the  proposed  changes  and  it  is  therefore  recommended  that 
these  methods  be  continued  as  tentative  for  another  year. 

Tentative  Methods  of  Testing  Transformer  and  Switch  Oils  (D  117- 
21  T)} — No  criticisms  of  this  tentative  standard  have  been  received, 
but  it  is  desirable  that  the  methods  prescribed  be  made  more  com- 
prehensive by  the  inclusion  of  a  so-called  sludging  test  before  recom- 
mending that  these  methods  be  advanced  to  standard.  The  conmiittee 
is  not  yet  prepared  to  reconamend  a  procedure  for  this  additional  test 
(this  is  referred  to  elsewhere  in  this  report)  and  therefore  desires  that 
these  methods  be  continued  as  tentative. 

Proposed  New  Tentative  Standards. 

The  following  two  new  methods  have  been  prepared  and  arc 
recommended  by  the  committee  for  publication  as  tentative: 

(a)  Tentative  Method  of  Test  for  Phase  Difference  (Power 
Factor)  and  Dielectric  Constant  of  Molded  Electrical  Insulating 
Materials  at  Radio  Frequencies. 

»  Proceedings,  Am.  Soc.  Test.  Mats.,  VoL  21  (1921). 
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(6)  Tentative  Method  of  Test  for  Momentary  Dielectric  Strength 
of  Sheet  Insulating  Materials. 

These  proposed  tentative  methods  are  appended  to  this  report.^ 

Work  of  Sub-Committees. 
The  following  is  a  brief  summary  of  the  activities  during  the  year, 
other  than  those  concerned  with  the  preceding  paragraphs,  which  have 
engaged  or  are  still  engaging  the  attention  of  the  sub-committees: 

(a)  Insulating  Varnishes. — ^As  with  many  other  materials,  an 
important  need  in  connection  with  the  testing  of  insulating  varnishes 
is  a  method  of  evaluating  the  results  of  a  series  of  different  tests  on 
two  or  more  competing  materials  in  a  way  that  will  show  numerically 
the  relative  order  of  the  quality.  The  committee  is  stud)ang  a 
method  which  has  been  developed  by  one  of  its  members,  John  A. 
Findley.  As  this  problem  is  one  of  general  interest,  a  condensation 
of  Mr.  Findley's  proposal  is  given  in  the  Appendix  to  this  report. 

The  committee  is  giving  consideration  to  the  matter  of  a  standard 
of  color,  and,  in  conjunction  with  the  Sub-Committee  on  Sheet  Insu- 
lating Materials,  to  tests  for  temperature-dielectric  strength  char- 
acteristic, tests  for  temperature-power  factor  characteristic  and  tests 
for  dielectric  constant. 

(b)  Molded  Materials. — ^An  important  test  for  these  materials 
which  is  not  yet  included  in  the  Methods  of  Testing  Molded  Insulating 
Materials  is  an  impact  test.  The  sub-committee  has  given  consider- 
able thought  to  this  matter  but  has  delayed  making  a  recommendation 
until  the  general  subject  of  standardization  of  impact  tests  has  been 
reported  upon  by  Committee  E-1.  However,  the  committee  desires 
to  take  this  opportunity  to  emphasize  the  urgent  need  for  such  action 
so  that  it  can  proceed  with  the  standardization  of  an  impact  test 
procedure. 

The  sub-conunittee  is  preparing  methods  of  testing  these  materials 
for  high  frequency,  high  voltage  applications.  It  is  also  considering 
the  preparation  of  material  spedfications  for  certain  grades  of  molded 
materials. 

(c)  Sheet  Insulation. — The  materials  being  studied  by  the  Sub- 
Conunittee  on  Sheet  Insulation  have  been  classified  as  follows: 

(a)  Flexible  sheet  materials; 
(6)  Non-flexible  sheet  materials; 

(c)  Untreated  paper  and  similar  materials; 

(d)  Rods,  tubing  and  special  shapes  formed  from  sheet  materials 

(i.  e.,  not  molded). 

vSee  pp.  897-917.— Bd.  - 
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The  standardizing  of  tests  and  procedures  for  all  of  these  materials 
is  obviously  an  extensive  undertaking.  So  far  the  sub-committee  has 
agreed  upon  the  following  as  the  tests  which  should  be  considered  in 
connection  with  flexible  sheet  materials: 

1.  Momentary  dielectric  strength  test; 

2.  Dielectric  endurance  test; 

3.  Surface  insulation  resistance  with  low  voltage,  direct  current; 

4.  Surface  insulation  resistance  with  high  voltage,  alternating 
P^  current; 

5.  Dielectric  constant; 

6.  Power  factor  of  charging  current; 

7.  Specific  resistance; 

8.  Heat  conductivity; 

9.  Heat  endurance; 

10.  Moisture  absorption; 

11.  Effect  of  oil; 

12.  Acid  and  alkali  proof  test;  * 

13.  Tensile  strength; 

14.  Tearing  strength; 

15.  Dielectric  strength  of  bias-cut  material  when  under  tension. 

As  the  development  of  the  procedures  for  many  of  these  tests 
will  require  considerable  time,  it  is  planned  to  offer  each  procedure 
as  a  tentative  standard  as  it  is  prepared  by  the  committee  and  then 
eventually  combine  them  into  one  standard.  By  this  method  the 
membership  will  have  available  the  separate  test  procedures  as  they 
are  completed.    The  present  status  is  as  follows: 

Item  1  is  completed  (a  tentative  method  is  being  submitted  with 
this  report) ;  a  draft  of  a  procedure  for  item  2  has  been  prepared  and 
is  being  given  an  experimental  trial  by  members  of  the  committee; 
procedures  for  items  5,  6,  7,  8  and  10,  respectively,  are  in  course  of 
preparation. 

Referring  to  untreated  paper,  a  draft  of  a  test  method  has  been 
prepared  and  is  now  being  studied  by  the  committee.  It  includes 
the  following  tests: 

1.  Fiber  analysis; 

2.  Acidity; 

3.  Moisture  content; 

4.  Heat  endurance  test; 

5.  Ash  content; 

6.  Castor  oil  rise  test; 

7.  Mechanical  tests. 
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(d)  Liquid  Insulations. — The  sub-committee  dealing  with  liquid 
insulation  has  been  engaged  on  the  problem  of  finding  what  test  or 
tests  determine  the  deterioration  of  transformer  oil  in  service.  This 
matter  was  referred  to  in  the  report  of  the  committee  last  year  at 
which  time  the  hope  was  expressed  that  during  the  year  a  satisfactory 
test  would  be  developed.  The  so-called  sludging  test  has  been  con- 
sidered in  the  past  the  best  measure  of  the  serviceability  of  trans- 
former oils,  but  experimental  work  by  one  of  the  members  of  the 
committee  has  developed  inconsistencies  between  this  test  and  other 
tests  which  have  been  proposed.  Apparently  these  inconsistencies 
were  due  to  differences  in  interpretation  of,  or  the  limited  information 
in,  the  published  procedures  for  these  various  tests.  The  committee 
therefore  had  to  first  study  the  various  procedures  and  agree  upon  the 
exact  details  of  procedure.  This  has  been  done  and  four  different 
laboratories  are  now  carrying  out  each  of  the  following  tests  on  the 
same  sample  of  each  of  three  grades  of  oil,  the  exact  detaQs  of  pro- 
cedure for  each  of  the  tests  having  been  agreed  upon  after  much 
correspondence: 

1.  Deposit  test  (formalite  test); 

2.  Iodine  or  bromine  value; 

3.  Sludging  test  (after  Michie  procedure) ; 

4.  Tar  test  (after  the  so-called  German  9  procedure). 

Upon  completion  of  this  investigation  it  is  expected  that  a  test 
method  can  be  recommended  to  cover  the  serviceability  characteristic 
of  oils.  When  this  is  done,  the  committee  will  also  be  in  position  to 
recommend  a  material  specification  for  transformer  oil. 

A  paper  on  this  general  subject  entitled  "The  Problem  of  Dura- 
biUty  Tests  for  Transformer  Oils"  is  being  presented  at  this  annual 
meeting  of  the  Society  by  T.  G.  Delbridge/  a  member  of  this  com- 
mittee. 

(e)  Cable  Splicing  Compounds. — ^A  new  sub-committee  was  ap- 
pointed during  the  year  to  standardize  the  tests  and  procedures  for 
this  class  of  insulating  materials.  The  following  have  been  agreed 
upon  as  the  tests  which  should  be  covered  in  a  standard  method,  and 
it  is  expected  that  tentative  methods  will  be  recommended  next  year. 

L  Softening  point; 

2.  Flash  and  fire  tests; 

3.  Rate  of  evaporation; 

4.  Temperature-viscosity  characteristic  to  100°  C; 

5.  Penetration; 

6.  CoeflScient  of  expansion,  both  in  solid  and  Uquid  states; 

>  This  paper  appean  ta  Part  II  of  the  Proctsdings,  p.  532.— Bo. 
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7.  Brittleness; 

8.  Adhesion; 

9.  Temperature-dielectric  strength  characteristic  from  —25*^  C. 

to  +100'' C. 

The  following  is  the  result  of  the  letter  ballot  vote  of  the  com- 
mittee (33  members)  on  those  recommendations  iii  this  report  which 
deal  with  adoption  of  existing  tentative  standards,  with  revisions 
of  existing  tentative  standards  and  with  propK)sed  new  tentative 
standards: 


Items. 


Affiim- 
athrt. 


Nef- 


Not 

Votug. 


I.    TiMTATnm  Standakm  RKommnmD  fob  Asomon. 
Advancing  thejmsent  Tentative  Methods  of  Testing  Molded  Insulating  Materials 
(D  48-21  T)  to  standard 

n.    Pbopoobd  RxYisiom  or  TnrTAirni  Standabiw. 
Revision  of  the  Tentotive  Methods  of  Testing  Insulating  Varnishes  (D  115  -  31  T) ... . 

III.    PnoromD  Niw  TurrAirni  SrAiinARse. 

Proposed  Tentative  Method  of  Test  for  Momentary  Dieleetrio  Strength  of  Sheet  Insu- 
lating Materials 

Proposed  Tentotive  Method  of  Test  for  Phase  Differenoe  (Power  Faotor)  and  Dieleetrie 
Constant  of  Molded  Electrieal  InsuUting  Materials  at  Radio  Frequencies 


20 
18 


10 
17 


13 
15 


14 
15 


This  report  has  been  submitted  to  letter  ballot  vote  of  the  com- 
mittee, which  consists  of  33  members,  of  whom  25  have  voted  affirma- 
tively, none  negatively,  and  8  have  refrained  from  voting. 
Respectfully  submitted  on  behalf  of  the  conmiittee, 

F.  M.  Farmer, 
H.  S.  Vassar,  Chairman, 

Secretary. 

Editorial  Note. 

The  Tentative  Methods  of  Testing  Molded  Insulating  Materials 
referred  to  in  this  report  were  approved  at  the  annual  meeting  and 
subsequently  adopted  as  standard  by  letter  ballot  of  the  Society  on 
August  25,  1922,  and  appear  in  the  supplementary  pamphlet  of 
A.S.T.M.  Standards  Adopted  m  1922. 

The  proposed  revisions  of  the  Tentative  Methods  of  Testing 
Insulating  Varnishes  referred  to  in  this  repK)rt  were  accepted.  The 
tentative  methods  as  thus  revised  appear  on  page  892. 

The  proposed  Tentative  Method  of  Test  for  Momentary  Dielec- 
tric Strength  of  Sheet  Insulating  Materials  and  the  proposed  Tentative 
Method  of  Test  for  Phase  Difference  (Power  Factor)  and  Dielectric 
Constant  of  Molded  Electrical  Insulating  Materials  at  Radio  Fre- 
quencies were  accepted  for  publication  as  tentative  and  appear  on 
pages  897-917. 
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APPENDIX. 

NUMERICAL  TABULATION  AND  COMPARISON  OF 
VARNISH  TESTS. 

By  John  A.  Findley. 

Outside  of  pure  research  laboratories,  the  final  objective  of  any 
set  of  insulating  varnish  tests  is  practical,  not  academic.  Tests  are 
made  to  determine  what  product  of  a  certain  class  is  best  adapted  to 
the  purpose  for  which  we  desire  to  use  it.  Final  judgment  must  take 
into  account  both  intrinsic  merit  and  cost  and  in  cases  where  little  is 
known  of  the  materials,  allow  each  investigator  to  use  his  own  experi- 
ence to  weight  his  decision.  The  reason  why  varnish  tests  and,  for 
that  matter,  those  on  other  insulating  products  have  given  inconclusive 
results  in  the  past  is  that  they  only  outline  procedure.  They  should 
besides,  to  be  of  most  service,  classify  and  group  all  varnishes  of  the 
same  type  by  preliminary  definition  and  then  indicate  a  method  of 
expressing  test  results  in  terms  that  can  be  correlated  with  reference 
to  each  other  and  cost.  If  they  accomplish  these  points  they  will  also 
give  data  which  will  eventually  lead  to  interpretation  of  results  and 
the  consequent  formation  of  a  real  picture  of  the  materials  and  their 
relative  merits.  Whether  at  the  outset  the  basis  is  absolutely  sound 
or  not  is  immaterial,  providing  it  is  flexible  enough  to  allow  for  amelio- 
rations which  future  progress  will  bring  and  tends  to  promote  such 
progress  and  thought  where  up  to  now  very  little  has  been  possible. 

Is  it  possible  to  combine  all  these  desiderata  with  our  present  or 
future  methods  of  varnish  tests  so  as  to  allow  one  to  discuss  results 
in  a  universal  language  and  form  an  idea  of  relative  merits  even  from 
tests  of  others?  The  following  suggestions,  while  possibly  faulty  in 
some  points  of  reasoning,  are  at  least  an  attempt  in  this  direction  and 
have  in  practice  allowed  the  writer  and  his  assistants  to  transmit 
information  definitely  and  clearly.  They  have  been  presented  in  more 
extended  form  to  the  judgment  of  others  and  considered  at  least 
worthy  of  closer  study. 

The  first  necessity  in  any  scheme  is  of  course  the  expression  in 
exact  terms  of  individual  test  results.  We  talk,  for  instance,  of  specific 
gravity  of  varnish  and  have  a  test  outUned  for  its  measurement.  The 
result  is  expressed  in  figures;  yet  this  figure  is  of  little  value  to  the 
user  for  comparative  purposes  as  it  stands  because  it  is  only  the 
expression  of  the  weight  of  the  mixture  of  the  real  product  in  which 
he  is  interested  plus  a  varying  percentage  of  more  or  less  heavy 
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thinner.  If  however  the  specific  gravity  were  expressed  as  an  equation 
in  which  also  appeared  the  weight  and  percentage  of  solvent,  a  figure 
may  be  obtained  which  is  far  more  exact  and  in  addition  allows  ready 
calculation  of  the  volume  and  specific  gravity  of  the  solid  content  or 
useful  material  itself.  Such  an  expression  would  aid  the  user  and  the 
manufacturer  alike.  Again,  if  viscosity  is  considered,  it  will  be  found 
that  we  are  determining  an  impractical  value  of  a  resultant  of  two 
forces.  What  we  really  want  to  know  is  how  viscosity  will  affect 
thickness  of  coat  and  covering  power  after  setting.  The  qualities  of 
the  admixed  solvent  are  as  important  in  such  a  determination  as  those 
of  the  solid  content  of  the  varnish. 

With  regard  to  test  on  the  qualities  of  the  varnish  after  it  is  set, 
we  are  in  a  better  position  as  we  can  even  now  by  agreement  set  down 
the  results  in  figures — for  instance,  "Disruptive  Strength"  in  volts 
per  mil,  "Acid  or  Alkali  Resistance"  in  hours  until  breakdown,  and 
so  on.  When  this  has  been  done  we  have  an  exact  set  of  figures 
representing  our  results  on  a  particular  material. 

There  are  as  yet  no  unit  bases  to  which  to  compare  specifically 
each  of  our  results  because  up  to  the  present  they  have  been  expressed 
in  such  terms  as  "fair",  "poor",  etc.,  and  not  in  figures.  There  is 
however  the  possibility  of  determining  such  either  from  the  average 
results  of  tests  on  a  number  of  representative  materials  or  by  the 
individual  investigator  considering  the  best  value  in  any  given  test 
as  a  basis  to  which  the  values  given  by  the  other  products  he  is  con- 
sidering are  to  be  compared  numerically.  For  instance,  if  on  the  teist 
of  three  varnishes  we  obtain  an  acid  resistance  of  10,  8,  and  6  hours, 
respectively,  10  is  considered  the  base  and  the  other  relative  values 
are  8  and  6.  If  in  these  same  samples,  the  respective  disruptive 
strengths  are  1000,  1400,  and  1500  volts  per  mil,  1500  is  the  base  to 
which  the  others  are  compared. 

Suppose  for  brevity  that  these  two  qualities  are  the  only  ones  of 
interest  in  a  given  case,  we  must  decide  which  of  the  three  varnishes 
we  are  to  choose  as  having  the  most  merit  for  our  work.  We  can 
set  down  beforehand  two  figures  totaling  an  ideal  100  per  cent  which 
represent  our  idea  of  the  relative  importance  to  the  whole  of  the 
qualities  considered. 

A  manufacturer  of  small  motors  operating  in  places  where  acid 
is  present  might  say  that  it  was  three  times  as  important  that  his 
varnish  possess  acid  resistance  as  that  it  show  high  dielectric  strength. 
Expressing  this  thought  in  per  cent  would  mean  that  he  considered 
the  add  value  as  forming  75  per  cent  of  the  ideal  total  and  the  dis- 
ruptive strength  value  as  25  per  cent. 
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Putting  down  in  a  table  the  test  results  originally  found,  the 
bases  of  comparison  and  the  ideal  percentage  values  as  we  judge  them, 
we  get  the  following: 


QittUtiea 

Actual  Test  Roulta. 

BaaiBof 
Compariaon. 

Ideal 
Relative 
Values. 

Tranelation  of  Teat  Results 
to  Relative  Values. 

Sampla 
No.  1. 

Sample 
No.T 

Sample 
No.  3. 

Sample 
No.  I. 

Sample 
No.  2. 

Sample 
No.  3. 

Dittleetrioitrenctk 

Acid  refifltanoe 

1000 
10 

1400 

8 

1500 
0 

1500 
10 

25 
75 

17 
75 

23 
00 

25 
45 

n 

100 

92 

83 

70 

It  would  seem  from  the  above  that  Sample  No.  1  was  nearest  to 
meeting  our  needs  in  the  ratio  of  92  to  83  or  92  to  70.  But  the  pur- 
chasing agent  states  he.  can  buy  Sample  No.  1  for  $1.10  per  gallon, 
Sample  No.  2  for  $1.05  and  Sample  No.  3  for  $0.95.  How  are  we  to 
correlate  our  test  values  with  these  prices? 

It  will  have  been  noticed  that  in  the  test  procedure  all  tests  are 
based  upon  equal  thicknesses  of  coat.  This  means  that  an  equal 
volume  of  the  solid  content  or  varnish  base  has  been  considered  and 
used  irrespective  of  its  concentration  which  may  be  more  or  less 
according  to  its  particular  qualities  or  the  type  of  solvent  used  in 
thinning.  We  must  therefore  determine  the  volume  of  solid  content 
contained  per  gallon  or  other  unit  of  varnish.  This  can  readily  be 
done  by  a  distillation  test. 

Suppose  that  we  find  the  three  samples  contain  45,  40  and  47 
per  cent  of  base  by  volume  respectively  and  that  on  account  of  their 
other  qualities,  to  obtain  equal  specified  thicknesses  of  coat,  additions 
of  10,  4  and  15  per  cent  of  solvent  were  necessary  respectively.  Let 
us  resort  to  another  table  and  combine  all  these  figures  so  as  to  obtain 
the  final  relative  values  sought  for: 

Samplb 

No.  1. 

Totals  earned  in  test  table  above 92 

Percentage  of  base  or  solid  content 45 

Percentage  of  solvent  added  to  get  equal  coat 10 

Cost  of  varnish  per  gallon  as  supplied $1 .  10 

Cost  of  solvent  as  supplied 25 

Total  cost  of  thin  varnish  in  state  tested 1 .  125 

Gallonage  obtained  in  state  tested 1 .  10 


Samplb 

Samplb 

No.  2. 

No.  3. 

83 

70 

40 

47 

4 

15 

$1.05 

$0.95 

.22 

.22 

1.06 

0.983 

1.04 

1.15 

Cost  per  gallon  in  state  tested $1.02        $1.02 

Percentage  of  base  in  state  tested 41  38 


Actual  relative  value  figure.  (This  is  the  figtire  earned 
in  test  multiplied  by  the  percentage  of  base  of  the 
thin  product  and  divided  by  its  cost.) 


37 


31 


34 
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It  appears  from  the  above  that,  having  reduced  all  our  results 
to  a  numerical  and  comparative  basis  and  taking  into  account  all 
observations  we  have  made  together  with  the  actual  cost,  we  have 
obtained  a  relative  value  for  the  three  samples.  In  this  case  the  most 
expensive  has  shown  the  higher  relative  value.  It  will  be  seen  how- 
ever that  any  variation  in  any  of  the  figures  above  will  change  the 
final  value. 

For  instance,  if  Sample  No.  3  had  earned  a  test  total  of  say  80  its 
final  value  would  have  worked  out  as  38,  or  higher  than  Sample  No.  1. 
Of  course  a  minimum  limit  can  also  be  set  on  the  ideal  values  for  any 
quantity  and  the  samples  which  show  tests  below  these  limits  should 
not  be  further  considered.  If  in  the  future  the  testing  of  insulating 
materials  should  become  entirely  standardized,  this  system  can  still 
be  applied  and  at  that  time  the  value  of  goods  tested  in  other  labora- 
tories can  be  translated  on  a  percentage  basis  to  one's  own  ideal  and 
so  the  relative  merits  of  different  articles  for  one's  particular  need 
can  be  determined  without  going  to  the  trouble  of  making  further 
tests  upon  points  for  which  there  already  exist  test  values. 

There  may  be  a  flaw  in  the  reasoning  by  which  final  figures  are 
arrived  at  but  it  has  not  been  pointed  out  up  to  the  present  time.  No 
criticism  can  be  made  as  to  the  elasticity  of  the  scheme  nor  as  to  its 
adaptability  to  any  and  all  modifications  in  test  procedure.  Results 
of  different  investigators  can  be  set  down  by  it  and  average  values 
finally  determined  which  may  take  the  place  of  our  own.  Even  the 
personal  factor  of  the  investigator  is  allowed  for,  as  well  as  the  corre- 
lation of  any  two  sets  of  tests,  provided  one  of  the  products  tested  is 
common  to  each. 

There  are  many  other  points  not  mentioned  here  on  account  of 
lack  of  space  which  should  prove  of  importance  not  only  in  testing 
insulating  varnishes  but  also  in  any  series  of  tests  where  actual  and 
exact  standards  do  not  as  yet  exist. 
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REPORT  OF  COMMITTEE  D-10 

ON 

SHIPPING  CONTAINERS. 

Since  submitting  its  last  report,  Committee  D-10  has  held  a 
meeting  at  Asbury  Park  in  connection  with  the  last  annual  meeting 
of  the  society  and  a  meeting  in  Chicago  on  April  6. 

At  the  Asbury  Park  meeting  there  was  considerable  discussion 
of  the  subject  of  nomenclature  and  definitions,  and  it  was  agreed 
that  there  was  real  need  for  standard  definitions  of  terms  used  in 
connection  with  shipping  containers  and  their  use.  The  sub-com- 
mittee responsible  for  this  subject  has  given  considerable  thought  to 
it  during  the  year,  and  although  no  definite  report  can  be  made  now 
it  is  hoped  real  progress  can  be  reported  at  the  next  annual  meeting. 

The  importance  of  determining  what  shipping  containers  are 
proper  and  efiident  and  of  prescribing  clear  and  definite  specifications 
for  them  has  been  recently  recognized  in  a  very  active  manner  by 
the  American  Railway  Association.  The  executive  committee  of 
that  Association,  in  connection  with  their  drive  to  reduce  loss  and 
damage,  has  ordered  the  Bureau  of  Explosives  to  expand  its  test 
and  specification  department  to  include  the  investigation  of  shipping 
containers  for  all  kinds  of  commodities  and  to  prepare  recommenda- 
tions in  the  form  of  specifications  for  the  properly  efi&dent  container; 
the  expansion  is  referred  to  as  the  Freight  Container  Bureau,  but  is 
directly  a  part  of  the  Bureau  of  Explosives,  with  which,  as  well  as 
with  its  work,  we  are  all  familiar. 

The  Freight  Container  Bureau  is  investigating  shipping  con- 
tainers from  a  purely  engineering  standpoint,  which  will,  of  course, 
involve  special  consideration  of  proper  economies  and  the  standard- 
ization of  types  as  well  as  the  actual  efficiency  of  construction  for 
transportation  purposes.  Investigations  are  being  made  at  plants 
making  the  containers  and  at  plants  using  them;  shipments  are  also 
to  be  followed  and  observed  at  railway  stations  and  steamship  piers 
to  determine  actual  results  in  transit.  Following  the  customary 
practice  of  the  Bureau  of  Explosives,  a  thorough  effort  will  be  made 
to  work  with  and  through  all  interested  associations  so  that  the  work, 
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when  completed,  will  have  their  indorsement  and  support  Com- 
mittee D-10  can  doubtless  give  a  great  deal  of  assistance  by  cooperat- 
ing with  the  Freight  Container  Bureau  and  enabling  them  to  take 
advantage  of  the  progress  which  we  have  made^  and  thus  avoid 
duplication  of  effort. 

The  action  of  the  American  Railway  Association  clearly  showed 
the  wisdom  of  the  American  Society  for  Testing  Materials  in  forming 
Conunittee  D-10  a  number  of  years  ago,  and  will  enable  that  com- 
.  mittee  to  give,  as  well  as  to  receive,  valuable  assistance  in  the  formu- 
lation of  proper  standards  for  shipping  containers.  The  committee 
is  in  close  touch  with  the  Freight  Container  Bureau  and  close  coopera- 
tion will  be  maintained  at  all  times,  in  order  that  the  best  interests 
of  all  concerned  may  be  served. 

A  member  of  Conunittee  D-10  is  an  official  representative  of  the 
American  Society  for  Testing  Materials  on  an  advisory  conunittee  of 
experts  formed  by  the  Freight  Container  Bureau  in  connection  with 
the  work  outlined. 

During  the  past  year,  the  sub-committee  on  nailed  and  lock- 
cornered  containers  has  worked  assiduously  to  improve  the  specifica- 
tions for  this  type  of  container.  Appended  hereto  is  a  revision  of 
the  present  General  Specifications  for  Wooden  Boxes,  Nailed  and 
Lock-Comer  Construction.  This  revision  involves  numerous  slight 
changes  from  the  present  version  as  well  as  a  few  more  important 
ones.  It  is  recognized  that  the  schedule  for  the  sizes  and  spacing  of 
nails  should  be  improved.  The  committee  has  given  considerable 
attention  to  this  point  but  has  reached  the  conclusion  that  it  does 
not  wish  to  reconmiend  changes  at  this  time. 

The  most  important  change  offered  in  the  revised  specifications  is 
the  addition  of  a  rule  for  the  strapping  of  boxes  (see  Section  15),  and 
for  the  permissible  reduction  in  tiiickness  of  lumber  when  strapping 
is  used  (see  Section  16). 

It  is  to  be  emphasized  that  the  inclusion  of  these  strapping  rules 
in  these  specifications  does  not  mean  that  all  boxes  moving  in  trans- 
portation must  be  strapped  but  that  when  strapped  boxes  are  required, 
these  regulations  should  govern.  These  regulations  must  be  tenta- 
tive for  the  present  because  regulations  governing  the  use  of  round 
metal  strapping,  which  the  committee  is  not  ready  to  present,  are 
needed  to  make  them  complete.  When  detailed  specifications  for 
unstrapped  boxes  are  prescribed,  strapped  nailed  boxes  with  thinner 
sides,-  tops,  and  bottoms  may  be  used.  This  optional  provision  makes 
for  increased  reliability  in  the  serviceability  of  boxes  and  tends  to 
practical  economies. 
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There  is  under  way  at  the  Forest  Products  Laboratory  a  study  of 
defects  in  lumber  as  these  affect  the  strength  and  serviceability  of 
wooden  boxes.  This  is  a  fundamental  study  and  when  completed  will 
permit  the  re-drafting  of  that  part  of  the  general  specifications  which 
refers  to  quality  of  materials. 

Further  changes  in  and  additions  to  the  General  Specifications 
for  Wooden  Boxes,  Nailed  and  Lock-Corner  Construction  will,  un- 
doubtedly, be  found  desirable.  Specifications  for  the  use  of  screws 
are  needed.  Regulations  defining  the  use  of  single-ply  and  three-ply 
lumber  with  reinforcing  cleats  will  soon  be  necessary;  and  these  are 
only  a  few  of  the  additions  which  present  themselves.  Because  of 
the  need  for  such  revisions  and  additions,  the  General  Specifications 
for  Wooden  Boxes,  Nailed  and  Lock-Comer  Construction  should 
continue  as  tentative  for  some  time  to  come. 

Committee  D-10  recommends  that  the  revised  tentative  speci- 
fications  appended  hereto^  be  approved  to  replace  the  present  Tentative 
General  Specifications  for  Wooden  Boxe^  Nailed  and  Lock-comer 
Constmction  (D  68-20  T).^  The  result  of  the  letter  ballot  of  the 
committee  on  this  recommendation  is  as  follows:  Affirmative,  22; 
negative,  1;  not  voting,  12. 

Committee  D-10  also  reconmiends  that  the  present  Tentative 
Specifications  for  Wooden  Boxes,  Nailed,  and  Lock-Corner  Construc- 
tion for  the  Shipment  of  Canned  Foods  (D  44  -  20  T)  be  continued. 

This  report  has  been  submitted  to  letter  ballot  of  the  committee, 
which  consists  of  35  members,  of  whom  20  have  voted  affirmatively, 
none  negatively,  and  15  have  refrained  from  voting. 

Respectfully  submitted  on  behalf  of  the  committee, 

J.  A.  Newlin, 
Chairman. 
T.  R.  C.  Wilson, 
Secretary. 

Editorial  Note. 

The  proposed  revisions  of  the  Tentative  General  Specifications 
for  Wooden  Boxes,  Nailed  and  Lock-Comer  Construction  ^  were 
accepted.  The  tentative  specifications  as  thus  revised  appear  on 
page  918. 

»Seep.  918.— Ed. 

•  Procffdings,  Am.  Soc.  Teat.  Mats..  Vol.  XX.  Part  I.  p.  730  (1920). 
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REPORT  OF  COMMITTEE  D-11 

ON 

RUBBER  PRODUCTS. 

The  committee  has  held  two  meetings  during  the  year  in  addition 
to  the  one  to  be  held  during  th6  present  meeting  of  the  Society.  Both 
were  held  in  New  York,  one  on  November  21,  1921,  and  the  other  on 
March  6  and  7,  1922. 

Recommendations  in  Reference  to  Existing  Standards. 

At  the  present  time  this  committee  has  before  the  Society  one 
standard  method  and  ten  tentative  specifications  and  the  committee 
makes  the  following  recommendations  in  regard  to  them: 

(a)  Standard  Methods  of  Testing  Cotton  Rubber-Lined  Hose 
(D  16-15).^ — Specifications  for  various  kinds  of  hose  were  the  first 
standards  prepared  by  the  committee  and  naturally  the  first  methods 
of  testing  were  designed  especially  for  hose.  But,  as  specifications 
for  other  materials  were  developed,  this  standard  procedure  for  testing 
hose  was  still  referred  to  for  such  procedures  as  were  applicable  to 
the  particular  material  involved.  The  committee  believes  that  the 
time  has  arrived  to  replace  these  standard  methods  by  others  which 
are  more  general  in  their  scope.  It  therefore  recommends  that  the 
Tentative  Methods 'of  Testing  Rubber  Products  referred  to  later  in 
this  report  be  accepted  to  replace,  when  adopted,  the  Standard 
Methods  of  Testing  Cotton  Rubber-Lined  Hose  (D  15-15).^ 

(6)  Tentative  Specifications  for  Insulated  Wire  and  Cable:  SO-Per- 
Cent  Hevea  Rubber  (D  27  -  21  T)? 

(c)  Tentative  Specifications  for  Cotton  Rubber-Lined  Fire  Hose 
for  Public  Fire  Department  Use  (D  26-21  T),* 

(d)  Tentative  Specifications  for  Wrapped  Air  Hose  for  Use  with 
Pneumatic  Tools  {D  46-21  T)? 

(e)  Tentative  Specifications  for  Braided  Air  Hose  for  Use  with 
Pneumatic  Tools  (D  60-21  T)? 

(J)  Tentative  Specifications  for  Steam  Hose  {D  54-21  T),*  and 
(g)  Tentative  Specifications  for  Rubber  Belting  for  Power  Transmis- 
sion {D  53-21  r).2— The  committee  recommends  that  all  of  these 

t  1921  Book  of  A.S.T.M.  Standards. 
>  Procftdings,  Am.  Soc.  Test.  MaU..  Vol.  ?1  (1921). 
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specifications  be  continued  as  tentative.  Where,  however,  references 
are  now  contained  to  the  Standard  Methods  of  Testing  Cotton  Rubber- 
Lined  Hose,  such  reference  should  be  changed  to  the  proposed  Ten- 
tative Methods  of  Testing  Rubber  Products,  should  these  be  approved. 

(A)  Tentative  Specifications  for  Cotton  Rubber- Lined  Fire  Hose  for 
Private  Fire  Department  Use  (D  H-21  T).' — These  specifications 
are  now  limited  to  2i-in.,  single- jacketed  hose.  The  committee  recom- 
mends that  they  be  expanded  to  include  additional  sizes  as  follows: 
li-in.  and  2-in.  single  and  double- jacketed,  24-in.  double  and  triple- 
jacketed,  and  3-in.  and  3j-in.  double  and  triple-jacketed. 

The  changes  which  will  be  necessary  in  the  present  specifi- 
cations to  include  these  additional  sizes  appear  in  the  Appendix  to 
this  report.  The  specifications  will  still  be  in  exact  accordance  with 
the  specifications  of  the  National  Board  of  Fire  Underwriters. 

In  addition,  wherever  these  specifications  refer  to  the  Standard 
Methods  of  Testing  Cotton  Rubber-Lined  Hose,  such  references 
should  be  changed  to  the  proposed  Tentative  Methods  of  Testing 
Rubber  Products,  if  these  be  approved. 

(0  Tentative  Specifications  for  Commercial  Adhesive  Tape  for 
Electrical  Purposes  {D  69-21  T)^ — It  is  recommended  that  these 
specifications  be  revised  as  follows: 

Change  the  title  of  the  specifications  to  read 

"Tentative  Specifications  for  Adhesive  Tape  for  General  Use  for  Electrical 
Purposes." 

Section  1. — Change  the  last  sentence  to  read  as  follows: 

"This  tape  is  for  general  use  for  covering  electrical  insulation  applied  to 
wires  and  cables." 

Section  6, — Omit  this  section,  reading  as  follows,  re-numbering 
the  subsequent  sections  accordingly: 

"The  compound  shall  contain  not  more  than  0.05  per  cent  of  free  sulfur." 

Experience  has  shown  that  the  test  prescribed  in  Section  7  is 
sufi&cient  protection  against  free  sulfur. 

Section  7.— Change  from  its  present  form:  namely, 

"When  the  tape  is  wrapped  on  a  clean,  bright,  smooth  copper  rod  and 
baked  at  100**  C.  for  16  hours,  the  compound  shall  not  discolor  the  copper." 

to  read  as  follows: 

"When  the  tape  is  wrapped  on  a  clean,  bright,  smooth  copper  rod  and 
baked  at  100**  C.  for  16  hours,  the  copper  shall  not  show  the  blue-black  color 
characteristic  of  copper  sulfide." 

'  Proceedings.  Am.  Soc.  Twt.  MatJ».,  Vol.  21.  p.  773  (1921). 
*Ibid.,  p.  799. 
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Section  10, — Change  to  read  as  follows  by  the  addition  of  the 
italicized  words  and  the  omission  of  the  figures  in  brackets: 

"  (a)  The  adhesion  between  adjacent  layers  of  the  tape  shall  be  such  that 
when  a  strip  of  tape  2  ft.  long  is  taken  from  a  roll  and  wound  upon  a  mandrel 
1  in.  in  diameter  under  a  tension  of  10  lb.  per  inch  of  width  at  a  rate  of  30  in. 
per  minute,  and  allowed  to  stand  for  three  minutes  with  the  weight  attached^  a 
weight  of  4  lb.  j)er  inch  of  width  shall  not  cause  the  plies  to  separate  at  a  rate 
greater  than  30  in.  x)er  minute. 

"  The  test  shall  be  made  at  a  room  temperature  not  less  than  21,1''  C.  (70''  F.) 
nor  more  than  23, 9^^  C.  (75**  F.),  the  sample  having  been  kept  within  these  limits 
for  at  least  30  minutes  immediately  preceding  the  time  of  testing. 

"  The  mandrel  shall  be  so  free  in  its  bearings  that  a  weight  of  1  oz,  will  cause 
it  to  revolve  freely  when  suspended  from  a  cotton  string  wound  in  a  single  layer  on 
the  center  of  the  mandrel, 

**  (b)  After  a  strip  has  been  exposed  to  dry  air  at  a  temperature  of  [100**  C.J 
not  less  than  99^*  C.  (210.2'*  F,)  nor  more  than  10^  C.  (213,8''  F.)  for  16  hours  and 
then  cooled  to  room  temperature,  a  test  specimen  shall  withstand  the  test 
prescribed  in  Paragraph  (a)  except  that  the  weight  applied  to  unwind  the  tape 
shall  be  1 J  lb.  per  in.  of  width  instead  of  4  lb." 

The  committee  recommends  that  the  specifications  as  revised  be 
continued  as  tentative. 

(j)  Tentative  Specifications  for  Rubber  Insulating  Tape  (D  119- 
21  T).^ — It  is  reconunended  that  these  specifications  be  revised  as 
follows: 

Section  6, — The  procedure  as  specified  is  for  a  much  more  com- 
plete analysis  than  is  necessary  under  these  specifications.  Accord- 
ingly, change  to  read  as  follows  by  the  addition  of  the  italicized  words 
and  the  omission  of  the  words  in  brackets: 

"If  an  analysis  of  the  compound  is  made,  it  shall  be  carried  out  in  accord- 
ance with  [the  Joint  Rubber  Insulation  Committee's  Procediue  (See  Appendix  II 
to  the  Tentative  Specifications  for  Insulated  Wire  and  Cable:  30-Per-Cent 
Hevea  Rubber  (Serial  Designation:  D  27-21  T)  of  the  American  Society  for 
Testing  Materials)]  Sections  15  to  47 y  inclusive  (Joint  Rubber  Insulation  Com- 
mittee's Procedure)  t  of  the  Tentative  Methods  of  Testing  Rubber  Products  (Serial 
Designation:  D  15-22  T)  of  the  American  Society  for  Testing  Materials  ^  with  the 
following  exceptions: 

"(a)  Omit  *  chloroform  extract*  from  the  diagram  in  Fig,  1  and  from  the 
tabulation  in  Section  45, 

"(6)  In  place  of  Section  20  substitute  the  following:  *  Remove  the  rubber 
compound  from  the  separator  and  cut  into  as  thin  strips  as  possible,* 

"  (c)  Omit  Sections  25  and  33, 

"(J)  In  Section  34,  substitute  ^acetone*  for  'chloroform*  in  the  first  and  second 
lines. 

"(e)  In  Section  38,  omit  'from  the  conductor*  in  the  third  and  fourth  lines, 

"  (/)  In  Section  46,  omit  *and  chloroform*  and  substitute  'extract*  for  'extracts* 
in  the  first  sentence.    Omit  the  second  sentence. 

"  (g)  In  Section  47^  omit  'chloroform  extract*.** 

1  Proceedings,  Am.  Soc.  Test.  Mats..  Vol.  21.  p.  802  (1921). 
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Section  70.— Change  to  read  as  follows  by  the  addition  of  the 
italicized  figures  and  the  omission  of  the  figures  in  brackets: 
''The  tape  shall  conform  to  the  following  reqtiirements: 

Nominal  Minimum             M  inimum 

Weight  Net  Weight           Length 

Width,                               Thickness.        per  Roll,  per  100  per  Pound, 

in.                                       in.                     lb.  Rolls,  lb.*              yd.^ 

J 10.035]0.030  i  50  [22j]  ^Oj 

} 10.035]0. 030  i  50  [15]     i7j 

1 [o.o3S]o.o3o         1  100  inji  yj 

*  Exclusive  of  core,  wrapping  and  box. 

^  Exclusive  of  core,  wrapping,  box  and  separator. 

The  conm^ittee  recommends  that  the  specifications  as  revised  be 
continued  as  tentative. 

(k)  Tentative  Specifications  for  Rubber  Gloves  for  Electrical  Workers 
on  Apparatus  or  Circuits  not  Exceeding  SOOO  Volts  to  Ground  (D  120  - 
21  r).' — It  is  reconunended  that  these  specifications  be  revised  as 
follows: 

Section  9, — Substitute  the  word  "back"  for  the  word  "cuff"  in 
the  second  sentence.    Add  a  sentence  to  read  as  follows: 
"Indelible  and  non-conducting  ink  shall  be  used." 

Section  11. — Change  from  its  present  form:  namely, 

"The  manufacturer  shall  replace,  without  cost  to  the  purchaser,  gloves 
which  at  any  time  within  a  period  of  eight  months  from  the  date  of  initial 
test,  fail  to  pass  the  tests  herein  prescribed;  provided  the  gloves  have  been 
stored  in  their  original  boxes  at  a  temperature  not  exceeding  75*  F." 

to  read  as  follows: 

"The  manufacturer  shall  replace,  without  cost  to  the  purchaser,  gloves 
which  at  any  time  within  a  period  of  eight  months  from  the  date  of  initial 
test,  fail  to  pass  the  tests  herein  prescribed;  provided  the  gloves  have  been 
properly  stored  in  their  original  boxes. 

"Note. — 'Proper  storage'  is  to  be  interpreted  to  mean  that  gloves  are 
not  to  be  stored  directly  above  or  in  proximity  to  steam  radiators  or  other 
sources  of  artificial  heat.  It  is  desirable  that  the  ambient  temperature  be  not 
in  excess  of  90**  F.  (32.2**  C.)." 

Section  16  (6). — Change  to  read  as  follows  by  the  addition  of  the 
italicized  words: 

"Measurements  shall  be  made  at  one  or  more  points  in  the  crotch  of 
thumb  and  index  finger  and  in  the  crotches  hetwun  the  fingers*^ 

Section  16  (c). — Omit  the  last  sentence,  reading  as  follows: 

"A  spring  rubber  gage  is  particularly  well  suited  to  measurements  in  face 
and  back  of  glove." 

^  Proctedings,  Am.  Soc  Test.  Mate..  Vol.  21,  p.  805  (1921). 
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Add  a  new  paragraph  to  read  as  follows: 

"A  dial-type  micrometer  graduated  to  mils  and  mounted  in  a  manner 
similar  to  that  shown  in  Pig.  1  is  particularly  convenient  for  making  all  of 
these  measurements,  especially  the  crotches.  ITie  anvil  is  about  }  in.  (6.4  mm.) 
in  diameter  and  the  foot  of  the  spindle  about  J  in.  (3.2  nmi.)  in  diameter." 

SecUon  17, — Change  the  temperature  range  from  **60  to  80°  F." 
to"60  to90T." 


Fig.  1. — Dial  Micrometer. 

Section  2S  (b), — Change  to  read  as  follows: 

"An  ammeter  in  the  low  tension  circmt  of  the  testing  transformer.  In 
this  case  the  leakage  current  shall  be  determined  by  noting  the  decrease  in  the 
low  tension  current  when  one  glove  at  a  time  is  disconnected  from  the  high 
tension  testing  circuit,  the  voltage  being  left  on  the  test  ciraiit  and  the  remaining 
gloves  in  the  meantime.  The  difference  in  the  two  currents  divided  by  the 
ratio  will  give  the  leakage  current  for  the  glove  disconnected  from  the  circuit. 
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"Note.— This  method  is  inaccurate  where  only  one  or  two  gloves  are  being 
tested  at  a  time  because  of  the  neutralizing  effect  of  the  leading  current  taken 
by  the  gloves  on  the  magnetizing  current,  which  is  a  lagging  one.  This  effect 
is  usually  negligible  with  three  or  more  gloves.  The  minimum  number  of 
gloves  which  may  be  safely  measured  in  this  manner  is  easily  determined  by 
noting  the  leakage  current  of  a  particular  glove  when  tested  with  1,  2,  3,  etc., 
additional  gloves,  respectively." 

In  addition,  wherever  references  now  appear  to  the  Standard 
Methods  of  Testing  Cotton  Rubber-Lined  Hose,  they  should  be 
changed  to  the  proposed  Tentative  Methods  of  Testing  Rubber 
Products,  if  these  be  approved. 

The  committee  recommends  that  the  tentative  specifications,. as 
revised,  be  continued  as  tentative. 

Proposed  New  Tentative  Standards. 

Proposed  Tentative  Specifications  for  Rubber  Pump'  Valves, — 
Proposed  Tentative  Specifications  for  Rubber  Pump  Valves  are 
appended  to  this  report^  and  it  is  recommended  that  they  be  published 
as  tentative. 

Proposed  Tentative  Methods  of  Testing  Rubber  Products.— Froposed 
Tentative  Methods  of  Testing  Rubber  Products  have  been  prepared. 
These  are  intended  to  replace,  when  adopted,  the  present  Standard 
Methods  of  Testing  Cotton  Rubber-Lined  Hose  (D  15-15)*  and  to 
provide  a  more  general  standard.  All  of  the  procedures  conform  in 
general  to  those  now  given  in  the  Standard  Methods  of  Testing 
Cotton  Rubber-Lined  Hose  or  included  in  existing  tentative  speci- 
fications. The  Joint  Rubber  Insulation  Conraiittee's  procedure  for 
complete  chemical  analysis  of  30-per-cent  rubber  compounds,  which 
now  appear  as  an  appendix  to  the  Tentative  Specifications  for  In- 
sulated Wire  and  Cable  (D  27-21  T)  have  been  transferred  to  this 
proposed  tentative  method.  The  methods  are  appended  to  this 
report*  and  it  is  recommended  that  they  be  published  as  tentative. 

Miscellaneous. 

Hard  Rubber  Containers  for  Storage  Batteries. — ^The  committee 
has  considered  the  advisability  of  undertaking  the  preparation  of 
specifications  for  this  material  but  has  decided  that  there  is  not  suffi- 
cient demand  for  such  specifications  at  the  present  time. 

Weather  stripping. — Investigation  of  the  need  for  specifications 
for  weatherstripping  for  railroad  cars  and  buildings  disclosed  the  fact 
that  there  is  not  sufficient  demand  for    such  specifications  at  the 

iSeep.  944.— £o. 

M92I  Book  of  A.S.T.M.  Standards. 

"  See  p.  947.— Ed. 
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present  time  to  justify  the  expenditure  of  time  which  would  be  nec- 
essary to  prepare  them. 

Rubber  Gloves. — The  Accident  Prevention  Committee  of  the 
National  Electric  Light  Association  has  requested  Committee  D-ll 
to  expand  the  section  in  our  Tentative  Specifications  for  Rubber 
Gloves  for  Electrical  Workers  which  deals  with  dimensions  so  as  to 
insure  a  better  fitting  glove,  since  this  is  an  important  element  from 
a  personal  hazard  standpoint.  The  committee  will  undertake  to 
improve  our  specifications  in  this  respect. 

Electrical  Switchboard  Matting, — A  request  has  been  received  from 
the  Accident  Prevention  Committee  of  the  National  Electric  Light 
Association  to  prepare  specifications  for  matting  to  be  used  about 
electrical  switchboards  and  in  similar  situations  where  an  electrical 
hazard  is  involved.  The  Sub-Committee  on  Protection  of  Persons 
from  Electric  Shock  has  undertaken  the  development  of  such  speci- 
fications. 

BeUing, — ^The  sub-committee  dealing  with  this  material  is  con- 
sidering changing  the  shape  of  the  test  specimen  now  specified  in  our 
Tentative  Specifications  for  Rubber  Belting,  and  the  inclusion  of  both 
a  maximum  and  a  minimum  limit  in  the  stretch  test,  and  is  investi- 
gating the  general  problem  of  the  suitability  of  friction  tests  as  a 
measure  of  durability  of  belts. 

Technical  Papers. — Two  members  of  this  committee  are  presenting 
papers  at  this  annual  meeting,  one  entitled  "Accelerated  Aging  Tests 
of  Rubber  Goods"  by  W.  W.  £vans  and  one  entitled  "Methods  for 
Conducting  Physical  Tests  on  Rubber  Products"  by  A.  H.  Nuckolls. 

Joint  Rubber  Insulation  Committee. — The  Joint  Rubber  Insulation 
Committee,  whose  well-known  "Specifications  and  Analytical  Pro- 
cedure for  30-Per-Cent  Hevea  Rubber  Insulating  Compound"  have 
been  in  extensive  use  in  the  industry  for  several  years,  went  out  of 
existence  on  July  15,  1921,  at  which  time  they  passed  a  resolution 
requesting  that  the  American  Society  for  Testing  Materials  take  over 
its  work.  This  responsibility  was  accepted  in  due  course  by  the 
Executive  Committee  of  our  Society  and  turned  over  to  this  com- 
mittee. A  Sub-Committee  on  Chemical  Analysis  was  organized  and 
has  in  its  membership  a  large  number  of  former  members  of  the  Joint 
Rubber  Insulation  Committee. 

The  following  is  the  result  of  the  letter  ballot  vote  of  the  com- 
mittee (36  members)  on  the  recommendations  made  in  this  report  in 
reference  to  revisions  of  standards  and  submission  of  new  tentative 
standards: 
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Items. 


Affirm- 

Neg. 

Not 

fttiTe. 

Ative. 

Voting. 

30 

2 

4 

26 

0 

10 

28 

0 

8 

25 

0 

.11 

24 

0 

12 

20 

1 

6 

PftOPOflSD  RinsiOMB  or  TsMTAnrB  Standaros. 
Tentotive  Speaific»tioiia  for  Cottoo  Rubber-Lined  Fire  Hoee  for  Frivmte  Fire  Depertment 

UseJD  14-21  T) 

Tentotive  SpedficetioM  for  ComiMrcial  Adheave  Tepe  for  Electricel  Purpoeee  (D  00  - 

21  T) 

Tentotive  Speoifieetioni for  Rubber  iMoiatmg  Tkpe  (D  119-21  T) 

Tentotive  Speeifieitioiit  for  Rubber  Olovee  for  Eleetncal  Workers  on  Appwsius  or  Ctr- 

cuito  not  Ezeeeding  3000  Volte  to  Ground  (D  120-  21  T) 

PrOPOSBD  NbW  TUMTAnTB  SVAlfDARDB. 

Proposed  Tentotive  Speeificntioos  for  Rubber  Pump  Vnhres 

Proposed  Tentotive  Methods  of  Testing  Rubber  Produete(D  15-22  T.) 


This  report  has  been  submitted  to  letter  ballot  of  the  committee, 
which  consists  of  36  members,  of  whom  33  have  voted  aflSrmatively, 
none  negatively,  and  3  have  refrained  from  voting. 

Respectfully  submitted  on  behalf  of  the  committee, 


F.  M.  Faruer, 
Chairman. 


C.  B.  Martin, 

Secretary. 


Editorial  Note. 


The  proposed  revision  of  the  Standard  Methods  of  Testing  Cotton 
Rubber-Lined  Hose  was  accepted  for  publication  as  a  new  tentative 
method  entitled  "Tentative  Methods  of  Testing  Rubber  Products" 
and  appears  on  page  947.   ^ 

The  proposed  revisions  of  the  Tentative  Specifications  for  Cotton 
Rubber-Lined  Fire  Hose  for  Private  Fire  Department  Use,  of  the 
Tentative  Specifications  for  Commercial  Adhesive  Tape  for  Electrical 
Purposes,  of  the  Tentative  Specifications  for  Rubber  Insulating  Tape 
and  of  the  Tentative  Specifications  for  Rubber  Gloves  lor  Electrical 
Workers  on  Apparatus  or  Circuits  not  exceeding  3000  volts  to  Ground 
referred  to  in  this  report  were  accepted.  The  tentative  specifications 
as  thus  revised  appear  on  pages  925-943. 

The  proposed  Tentative  Specifications  for  Rubber  Pump  Valves 
were  accepted  for  publication  as  tentative  and  appear  on  page  944. 
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PROPOSED  REVISIONS  OF  THE 
TENTATIVE    SPECIFICATIONS     FOR    COTTON     RUBBER- 
LINED  FIRE  HOSE  FOR  PRIVATE  FIRE  DEPARTMENT 
USE   (D  14-21  T).^ 

Section  L — Change  to  read  as  follows: 

"These  specifications  apply  to  cotton,  rubber-lined  hose  for  private  use 
for  fire  protection  purposes.  They  cover  the  following  sizes:  1  J-in.  single  and 
double-jacketed;  2-in.  single  and  double  jacketed;  2}-in.  single,  double  and 
triple-jacketed;  3-in.  double  and  triple-jacketed;  3 J-in.  double  and  triple- 
jacketed." 

Section  2  (a). — Insert  the  words  "or  jackets"  after  the  word 
"jacket". 

Section  2  (6). — Change  the  word  "jacket"  to  "jackets"  and  add 
a  sentence  to  read  as  follows: 

"Where  more  than  one  jacket  is  prescribed,  they  may  be  separate  or  inter- 
woven." 

Section  3  {c). — Change  to  read  as  follows  by  the  addition  of  the 
italicized  words  and  the  omission  of  the  words  in  brackets: 

"The  lining  shall  be  of  uniform  thickness  and  not  less  than  [0.058  nor 
more  than  0.072  in.  in  thickness]  the  lower  limit  nor  more  than  the  upper  limit 
given  in  item  (6)  of  Table  I  exclusive  of  the  backing.** 

Section  9: — Change  to  read  as  follows  by  the  addition  of  the 
italicized  words  and  the  omission  of  the  words  in  brackets: 

"  (a)  Each  length  of  hose  shall  be  subjected  to  [a  hydrostatic  pressure  of 
300  lb.  per  sq.  in.]  the  hydrostatic  pressure  given  in  item  (c)  of  Table  I  for  five 
seconds  without  leaking  in  the  hose  or  at  the  couplings  or  breaking  any  threads 
in  the  jacket. 

"  {b)  A  3-ft.  sample  in  every  lot  of  3000  ft.  of  hose  or  less  shall,  while  lying 
either  straight  or  curved  to  a  radius  of  27  in.,  withstand  without  failure  [a 
hydrostatic  pressure  of  500  lb.  per  sq.  in.)  the  hydrostatic  pressure  given  in  item  (</) 
of  Table  I. 

"  (c)  One  full  length  in  every  lot  of  500  ft.  of  hose  or  less  shall,  while  kinked, 
withstand  without  failure  [a  hydrostatic  pressure  of  250  lb.  per  sq.  in.)  the 
hydrostatic  pressure  given  in  item  (e)  of  Table  I  applied  for  five  seconds. 

» Proceedings,  Am.  Soc.  Test.  Mats..  Vol.  21,  p.  773  (1921). 
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Section  10, — Change  to  reaxi  as  follows  by  the  addition  of  the 
italicized  words  and  the  omission  of  the  words  in  brackets: 

**The  elongation  of  the  hose  when  tested  as  prescribed  in  Section  9  (a) 
shall  not  exceed  [13  per  cent  of]  the  percentage  of  the  length  measured  under  a 
pressure  of  10  lb.  per  sq.  in.  which  is  given  in  item  (J)  of  Table  L 

Section  11. — Change  the  first  sentence  to  read  as  follows  by  the 
addition  of  the  italicized  words  and  the  omission  of  the  words  in 
brackets: 

"[The  hose  shall  not  twist  more  than  25  deg.  per  ft.  when]  When  tested 
as  prescribed  in  Section  9  (a),  the  hose  shall  not  twist  more  than  the  amount  given 
in  item  (g)  of  Table  /.*' 


Table  I. 

Site  and  Number  of  Jnekets. 

Property. 

ijMn. 

2-in. 

2j.in. 

S-in. 

8j4n. 

Sin^. 

Double. 

Single. 

Double. 

Single. 

Double. 

Triple. 

Double. 

Triple. 

Double. 

Triple 

(a)  PnMribed  mternal  di- 
MMtor.b 

(fr)  ThiekMiB  rubber  Onbg. 
in 

0.049 

to 
0.005 

300 

fiOO 

260 

13 

fiO 

7 

21 

300 

li 

0.040 

to 
0.065 

400 

000 

300 

0 

29 

none 

42 

400 

2 

0.049 

to 
0.005 

300 

500 

250 
13 
50 
7 
29 

300 

2 

0.049 
to 

0.065 

400 

600 

300 

9 

29 

none 

68 

400 

2§ 

0.058 

to 
0.072 

300 

500 

250 
13 
25 

4 
40 

300 

2J 

0.058 

to 
0.072 

400 

600 

300 

9 

15 

none 

70 

400 

2J 

0.058 

to 
0.072 

400 

600 

300 

9 

15 
none 

86 

400 

8 

0.058 

to 
0.072 

400 

600 

250 

9 

15 

none 

93 

400 

3 

0.058 

to 
0.072 

400 

600 

250 

9 

15 

none 

113 

400 

3} 

0.072 

to 
0.095 

400 

600 

250 

9 

15 

none 

lis 

400 

3} 
0072 

^  ^leofih.Ib.perBq.m.. 

id)  Buntuig  tart  unmut 

(3-rt.n1nple0rib.per 

M.  in 

to 
0.095 

400 
600 

(«)  Kink  tast  preasure.  lb. 
per  aq.  in 

250 

(/)  RlongBUoa.peroent.... 

(g)  Twi0t,deg.perft 

(k)  RiBe.in7^.!T. 

9 

15 

none' 

(•■)  Weight,  min.,  lb 

Weight,  mw.,  lb....... 

0)  Test  preeaure  mvking. 
lb.peraq.in 

135 
400 

Section  IS, — Change  to  read  as  follows  by  the  addition  of  the 
italicized  words  and  the  omission  of  the  words  in  brackets: 

"When  subjected  to  the  test  prescribed  in  Section  9  (a)  the  hose  shall 
not  rise  more  than  [4  in.]  the  distances  given  in  item  (h)  of  Table  I  from  the  level 
of  the  test  table  or  test  floor,  or  warp  more  than  20  in.  from  a  straight  line 
drawn  from  center  to  center  of  the  couplings." 

Section  15, — Change  to  read  as  follows  by  the  addition  of  the 
italicized  words  and  the  omission  of  the  words  in  brackets: 

"The  hose  shall  have  an  internal  diameter  of  not  less  than  [2}  in.]  the 
diameter  ordered  and  shall  be  furnished  in  lengths  averaging  50  ft." 

Section  16. — Change  to  read  as  follows  by  the  addition  of  the 
italicized  words  and  the  omission  of  the  words  in  brackets: 
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"  The  weight  of  each  50  ft.  length  of  hose  complete  with  couplings  shall 
[weigh  not  less  than  40  lb.]  be  in  accordance  with  ike  amount  given  in  item  {%)  of 
Table  /." 

Section  18. — Change  the  last  sentence  to  read  as  follows  by  the 
addition  of  the  italicized  words  and  the  omission  of  the  words  in 
brackets: 

''The  inside  diameter  [through]  throughout  the  couplings  shall  be  [2)  in.] 
not  less  than  the  nominal  inside  diameter  of  the  hose  to  which  they  are  connected. 

Section  21. — Change  to  read  as  follows  by  the  addition  of  the 
italicized  words  and  the  omission  of  the  words  in  brackets: 

"The  weight  of  complete  couplings,  including  [both]  male  and  female  ends, 
swivel,  and  the  expansion  rings,  shall  be  not  less  than  [5  lb.]  the  values  given  in 
Table  II  r 

Insert  Table  II  as  follows: 

Tablb  II. — ^Weight  of  Couplings. 

Weight,  Coiiplbtb,  lb. 
Nominal  Diambtbr,  Singlb  Double         Triple 

OP  Hose,  in.  Jacket.         Jacket.         Jacket. 

l\ 1.5  2.0 

2 2.5  3.0 

2§ 4.0  5.0 

3 8.0  10.0 

3J 12.0  14.0 

Section  22. — ^Insert  the  words  "swivels  of  the"  between  the  words 
"The"  and  "couplings",  and  change  the  dimension  "J  in."  to  'Ve 
in."  in  Paragraph  (a). 

Add  a  Paragraph  (c)  to  read  as  follows: 

''The  inside  diameter  of  the  gasket  and  the  washers  when  in  position  in 
the  couplings  shall  be  not  less  than  the  inside  diameter  of  the  hose  to  which 
the  coupling  is  attached." 

Section  23. — Omit  the  first  sentence,  reading  as  follows: 

''The  threads  of  hose  couplings  shall  be  interchangeable  with  those  in  use 
in  the  city  or  town  where  the  hose  will  be  used." 

Section  24' — Omit  the  note. 

Section  25. — Change  to  read  as  follows  by  the  addition  of  the 
italicized  words  and  the  omission  of  the  words  in  brackets: 

"Beginning  at  a  point  approximately  4  ft.  from  the  couplings,  each  50-ft. 
length  of  hose  shall  be  stenciled  at  two  places  in  black  indelible  letters  1  in. 
high  with  the  l^;end  "A.S.T.M.  Specifications",  the  name  of  the  manufacturer, 
the  month  and  year  of  manufacture  and  the  words  ["Tested  at  300  lb."]  ''Tested 
at  —  lb:\  the  pressure  stated  to  be  that  given  in  item  (J)  of  Table  /." 
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KKFORT  OF  COMMITTEE  D-13 

ON 

TEXTILE  MATERIALS. 

Committee  D-13  on  Textile  Materials  held  two  meetings  during 
the  past  year.  Through  the  courtesy  of  the  Providence  Engineering 
Society  both  of  these  meetings  were  held  in  that  Society's  rooms  in 
Providence,  the  first  on  October  28  and  29,  1921,  and  the  second 
on  March  3  and  4,  1922.  Both  meetings  were  well  attended  by  mem- 
bers and  there  was  a  large  attendance  of  guests  representing  various 
cotton  manufacturing  organizations.  At  the  fall  meeting,  the  time  was 
principally  taken  up  in  discussion  of  preliminary  reports  from  the 
sub-committees.  These  discussions  resulted  in  recommendations  to 
sub-committees  for  continuation  of  the  work  and  complete  reports 
were  submitted  at  the  spring  meeting. 

A  great  deal  of  constructive  criticism  has  resulted  from  the 
publication  in  1921  of  the  Tentative  Specifications  for  Imperfections 
and  Tolerances  for  60-in.  17i-oz.  Square-Woven  Tire  Builder  Fabric 
(D  122  -  21  T)^  and  this  matter  has  been  the  subject  of  considerable 
discussion  both  by  Sub-Committee  VI  on  Imperfections  and  Tol- 
erances, and  by  Committee  D-13.  Important  revisions  have  been 
made  in  this  tentative  standard,  and  in  the  revised  form  in  which  it  is 
herewith  submitted*  to  the  Society,  under  the  title  "  Tentative  Specifica- 
tions for  Imperfections  and  Tolerances  for  60-in.  17i-oz.  (made  of 
yam  not  less  than  8  ply)  Square-Woven  Builder  Fabric,"  to  replace 
the  present  Tentative  Specifications,  it  was  unanimously  approved 
by  all  members  present  at  the  March  meeting  of  Committee  D-13. 

The  standardization  of  methods  for  determination  of  crintip  and 
off  square,  particularly  the  expression  of  results  of  these  tests,  is  of 
great  importance  to  manufacturers  and  consumers  of  tire  fabric.  At 
present  there  are  two  methods  in  use  from  which  the  values  obtained 
are  at  considerable  variance  with  each  other.  In  answer  to  a  ques- 
tionnaire submitted  to  the  tire  fabric  and  tire  industries  by  a  special 
sub-committee  appointed  to  study  this  matter,  a  large  majority 
replied  that  the  method  at  present  recommended  by  Conamittee  D-13 
is  being  used.    This  committee  therefore  recommends  that  the  Tenta- 

»  Procudings,  Am.  Soc.  Test.  Mats.,  Vol.  21.  p.  811  (1921). 
»  See  p.  967 .—Ed. 
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tivc  Methods  of  Testing  Textiles  (D  76  -  20  T)i  be  published  for  the 
year  1922  with  no  other  change  than  the  addition  to  Section  6  of  a 
note  describing  "Take-up"  to  read  as  follows: 

"Note. — 'Crimp'  shall  not  be  confused  with  *  take-up'  which  is  the  per- 
centage difference  between  the  yam  length  after  straightening  and  the  yam 
length  as  it  lies  in  the  fabric  based  on  the  straightened  yam  length.  The  threads 
for  the  *  take-up'  test  shall  be  straightened  with  the  same  machine  used  for  the 
'crimp'  testi  but  for  this  test  it  shall  be  equipped  with  an  extra  scale  on  the 
dial,  in  which  case  the  scale  shall  be  plainly  marked  'crimp'  and  'take-up'." 

A  great  deal  of  interest  was  shown  by  both  members  and  guests 
in  a  new  principle  for  a  machine  for  testing  fabric  with  a  constant 
rate  of  load  application  described  in  a  paper  read  at  the  October 
meeting  by  Henry  L.  Scott.  At  this  meeting  Prof.  Haven  presented  a 
discussion  on  the  mathematics  involved  in  this  machine.  At  the 
March  meeting  Mr.  Scott  exhibited  a  working  machine  built  on  this 
principle  which  was  constructed  at  the  request  of  Committee  D-13. 

Committee  D-13  recommends  that  the  following  revisions  be 
made  in  the  Tentative  Definitions  of  Terms  Relating  to  Mechanical 
Fabric  (D  123-21  T).* 

Change  the  title  from  its  present  form:  namely, 
"Tentative  Definitions  of  Terms  Relating  to  Mechanical  Fabric." 

to  read  as  follows: 

"Tentative  Definitions  of  Terms  Relating  to  Textile  Materials." 

Add  a  new  central  heading  to  read  as  follows: 

"(.4)  Mechanical  Fabric." 

Section  S. — Change  the  definition  of  oil  belt  duck  from  its  present 
form:  namely, 

"Oil  Belt  Duck. — ^A  closely  woven  fabric  of  plied  yams  not  over  No.  8, 
made  in  a  variety  of  widths,  the  weight  being  based  on  the  square  yard." 

to  read  as  follows: 

"Oil  Belt  Duck. — ^A  closely  woven  fabric  of  plied  yams  not  over  No.  8, 
made  in  a  variety  of  widths,  usually  a  32-o?.  fabric,  the  weight  being  based  on 
the  square  yard." 

Change  the  definition  of  numbered  duck  from  its  present  form: 
namely, 

"Numbered  Duck. — ^A  plain  woven  fabric  of  plied  yams  ranging  from  coarse 
to  fine  numbers,  weight  being  based  on  22-in.  width  one  yard  long." 

>  Proceedings,  Am.  Soc.  Test.  Mats..  Vol.  XX,  Part  I.  p.  804  (1920). 
•  Proceedings,  Am.  Soc.  Test.  MaU..  Vol.  21.  p.  814  (1921). 
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to  read  as  follows: 

"Numbered  Duck. — ^A  plain  woven  fabric  of  plied  yams  ranging  from  coarse 
to  fine  ntimbers,  weight  being  based  on  22-in.  width." 

Change  the  definition  of  army  duck  ftom  its  present  form: 
namely, 

"Army  Duck, — A  fabric  made  in  closely  woven  plied  yams,  weight  being 
based  on  281-in.  width." 

to  read  as  follows: 

"Army  Duck, — ^A  closely  woven  fabric  of  plied  yams  usually  ranging 
between  7  to  12  oz.,  the  weight  being  based  on  28i-in.  width." 

Add  a  new  Section  4  including  six  new  definitions  under  the  new 
central  heading  "  {B)  Cotton  Fabrics  Other  than  Mechanical  Fabrics," 
to  read  as  follows: 

"4.  Twill, — ^A  weave  which  produces  pronounced  lines  nmning  diagonally 
across  the  fabric,  some  of  which  are  known  as  follows: 

(a)  Drills — ^A  commercial  temi  for  a  fabric  with  warp  face  twill  usually 
made  with  three  harnesses  and  single  yams. 

(b)  Alberts, — ^A  commercial  temi  for  a  fabric  with  filling  face  usually  made 
with  four  or  five  harnesses. 

(c)  Jeans, — ^A  commercial  temi  for  a  fabric  with  warp  face  twill  like  a 
drill  but  with  higher  cotmt  and  finer  yams. 

(d)  Serge. — A  commercial  tfina  for  a  fabric  of  twill  weave  made  with  four 
harnesses  2  by  2. 

(e)  Clay, — ^A  commercial  term  for  a  fabric  similar  to  a  serge  but  made  with 
six  harnesses  3  by  3." 

Partly  because  of  the  great  variety  of  products  produced  by 
textile  manufacturers  and  partly  because  of  lack  of  appreciation  of  the 
advantages  which  could  be  obtained  through  the  use  of  test  methods 
common  to  the  seller  and  buyer  there  has  been  and  still  is  a  very  notice- 
able lack  of  standardization  on  the  part  of  textile  manufacturers  in  the 
testing  of  their  products.  Obviously  the  benefit  to  be  derived  from  a 
set  of  standard  test  methods  by  manufacturers  and  consumers  depends 
upon  the  extent  to  which  they  are  used,  and  Committee  D-13  has  been 
constantly  faced  with  the  problem  of  making  the  use  of  its  test  methods 
more  general.  During  the  past  year  considerable  work  has  been  done 
to  acquaint  textile  manufacturers  with  the  Society's  standards,  and 
reconmiendations  have  been  made  to  the  Executive  Committee  of  the 
Society  regarding  the  endorsement  of  the  Standard  General  Methods 
for  Testing  Cotton  Fabrics  (D  39  -  20  T)  by  textile  associations. 

To  fill  the  need  for  the  development  of  standards  relating  to 
hose'and  belt  ducks,  a  new  sub-conmiittee  has  been  appointed  which 
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includes  representatives  of  several  of  the  largest  manufacturers  and 
consumers  of  these  fabrics. 

During  the  past  year  twelve  new  members  have  been  enrolled 
in  Committee  D-13. 

Committee  D-13  submits  to  the  Society  one  new  standard, 
the  Tentative  Methods  of  Testing  Cotton  Fibers,  appended  hereto,*  for 
publication  as  tentative,  and  three  revisions  of  present  tentative 
standards.  These  have  been  submitted  to  letter  ballot  of  the  com- 
mittee consisting  of  fifty-one  members,  with  the  following  results: 


ItmB. 

Affirm- 
ative. 

Neg- 
ative. 

Not 
Voting. 

40 

39 
42 

41 

2 

2 

1 

0 

0 

17i-o».. Square-Woven  Tire  Builder  Fabric  (D  122  -  2!  T) 

10 

Rovinoo  of  the  Tentative  Methods  of  Testing  Textiles  (D  76  -  20  T) 

8 

Kevvaoo  of  the  Tentative  DcBnitions  of  Terms  Relating  to  Textile  Materials  (D  123  - 
21  T) 

10 

This  report  has  been  submitted  to  letter  ballot  of  the  committee, 
which  consists  of  fifty-one  members,  of  whom  40  have  voted  affirm- 
atively, none  negatively,  and  1 1  have  refrained  from  voting. 

Respectfully  submitted  on  behalf  of  the  committee, 

A.  E.  Jury, 
Chairman. 
G.  W.  Skirm, 

Secretary  

Editorial  Note. 

The  proposed  revisions  of  the  Tentative  Specifications  for  Imper- 
fections and  Tolerances  for  60-in.  17j-oz.  Square-Woven  Tire  Builder 
Fabric,  of  the  Tentative  Methods  of  Testing  Textiles  and  of  the  Tenta- 
tive Definitions  of  Terms  Relating  to  Textile  Materials  were  accepted- 
The  tentative  standards  as  thus  revised  appear  on  pages  967,  971,  and 
976,  respectively. 

The  proposed  Tentative  Methods  of  Testing  Cotton  Fibers  were 
accepted  for  publication  as  tentative  and  appear  on  page  973, 

» Sec  p.  973.— Ed. 
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ON 

METHODS  OF  TESTING. 

In  its  annual  report  a  year  ago,  Committee  E-1  on  Methods  of 
Testing  reviewed  briefly  the  history  of  the  preparation  of  methods  of 
testing  in  the  Society  and  outlined  the  conditions  which  led  to  its 
reorganization  by  the  Executive  Committee  through  the  formation 
of  an  Advisory  Committee  of  seven  "members-at-large*'  and  the 
representation  of  all  standing  committees  through  the  appointment  of 
one  or  two  "representative  members."  The  general  plan  of  conduct- 
ing the  committee's  work,  as  provided  in  the  Regulations  Governing 
Methods  and  Instruments  of  Testing  drawn  up  jointly  by  the  Execu- 
tive Committee  and  Committee  E-5  on  Standing  Committees,  was 
outlined  in  some  detail. 

Since  the  last  annual  meeting  the  Advisory  Committee  has  held 
three  meetings:  October  12, 1921,  November  18, 1921,  and  February  17, 
1922.  The  meeting  of  the  main  committee  scheduled  for  November 
was  cancelled,  and  a  regular  meeting  was  held  February  17,  1922. 
The  Advisory  Committee  and  the  main  committee  will  meet  again 
during  the  present  annual  meeting. 

The  Executive  Committee  has  appointed  W.  H.  Fulweiler  as  a 
member  of  the  Advisory  Committee  to  succeed  A.  V.  Bleininger, 
resigned. 

The  Regulations  Governing  Methods  and  Instruments  of  Testing 
and  also  the  Rules  Governing  Committee  E-1  on  Methods  of  Testing 
(the  latter  prepared  and  adopted  by  the  committee  to  govern  the  de- 
tails of  its  procedure)  will  be  printed  in  the  current  Year  Book. 

At  the  suggestion  of  the  Executive  Committee,  Committee  E-1 
brought  to  the  attention  of  each  standing  committee  during  the  year 
the  importance  of  devoting  careful  attention  to  the  development  of 
methods  of  testing,  pointing  out  that  this  is  one  of  the  primary  objects 
of  the  Society.  It  is  gratifying  to  note  that  the  preparation  of  methods 
of  test  by  the  standing  committees  during  the  year  has  been  quite 
stimulated  and  that  there  will  be  presented  at  this  annual  meeting  a 
number  of  new  methods  or  extensive  revisions  of  existing  methods  in 
several  important  fields  of  the  Society's  work. 

(301) 
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Procedure  in  Considering  Methods  of  Test. — ^The  first  task  under- 
taken by  the  conunittee  following  the  last  annual  meeting  was  a 
general  review  of  the  various  methods  of  test  in  existing  standards  and 
tentative  standards,  including  those  published  separately  as  such  and 
those  included  as  parts  of  specifications.  It  was  considered  desirable 
to  limit  this  study  first  to  methods  that  are  tentative.  A  complete 
list  of  such  tentative  methods  was  prepared  by  the  Secretary  and  sub- 
mitted at  the  October  meeting  of  the  Advisory  Committee,  the  list 
comprising  34  methods  published  as  such  and  25  methods  appearing 
in  tentative  specifications.  The  Advisory  Comn^ttee  carefully  dis- 
cussed the  procedure  that  should  be  followed  by  Committee  E-1  in 
the  consideration  of  these  methods.  The  magnitude  of  the  task  before 
us  showed  the  necessity  for  a  carefully  prepared  method  of  procedure 
to  be  followed  by  Committee  E-1  in  the  consideration  not  only  of 
these  existing  methods  but  also  of  new  methods  which  under  the  regu- 
lations must  come  before  Conmiittee  E-1  before  they  can  become 
standard.  It  was  the  consensus  of  opinion  of  the  Advisory  Conmiittee 
that  the  real  function  of  Committee  E-1  is  to  study  methods  from  the 
broad  viewpoint  of  the  test  as  a  type  of  test  that  may  be  made  upon  a 
wide  variety  of  materials.  To  illustrate:  Among  the  present  tentative 
methods  there  appear  compression  tests  of  concrete,  of  portland 
cement  mortars,  of  clay  sewer  brick,  of  hollow  building  tile,  of  molded 
insulating  materials,  and  of  electrical  porcelain;  in  addition,  the  com- 
pression test  has  already  been  applied  to  materials  for  which  we  have 
standard  specifications.  It  seemed  to  the  Advisory  Committee  that 
Committee  E-1  should  formulate  fundamental  considerations  that 
would  govern  compression  testing  in  general,  pointing  out  certain 
special  considerations  to  be  observed  in  applying  the  test  to  specific 
materials;  and  that  similar  studies  should  be  made  of  other  tests,  such 
as  tension  tests,  transverse  tests,  tests  iot  consistency,  plasticity, 
absorption,  distillation,  and  others.  The  Advisory  Committee  accord- 
ingly designated  Messrs.  W.  H.  Fulweiler  and  A.  T.  Goldbeck  as  a  sub- 
conimittee  of  two  to  report  an  acceptable  procedure  to  be  proposed  to 
the  whole  committee  providing  for  the  consideration  of  the  Society's 
methods  of  test  along  these  fundamental  lines.  This  sub-committee 
presented  a  report  of  progress  at  the  November  meeting  of  the  Advisory 
Conmiittee  and  a  final  report  at  the  February  meeting  of  that  commit- 
tee, at  which  the  report  was  adopted  and  referred  to  the  main 
conunittee  at  its  February  meeting  for  action.  At  this  meeting  the 
report  was  accepted  as  an  expression  of  the  policy  of  Committee  E-1 
in  carrying  out  its  review  of  the  methods  of  test  of  the  Society,  and 
the  report  was  referred  to  letter  ballot  vote  of  the  committee. 

This  report  is  given  in  full  below,  and  the  result  of  the  letter  ballot 
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vote  of  the  committee  is  as  follows:  Advisory  Committee,  8  affirmative, 
none  negative;  Standing  Committees,  28  affirmative,  1  negative,  6  not 
voting,  total  35. 

Statement  on  Procedure  in  Considering  Methods  of  Testing. 

Your  Sub-Committee  on  Proposed  Procedure  regarding  the  formation  of 
sub-committees  of  Committee  E-1  begs  to  report  as  follows: 

Committee  £-1  is  now  faced  with  a  practical  test  of  the  feasibility  of  its 
rules  and  regulations  in  the  task  of  reviewing  the  tentative  standards  that  are 
now  before  it.  The  mechanism  within  the  Committee  for  handling  this  work 
is  provided  for  in  Article  V,  Section  1: 

"A  method  of  test  referred  by  a  standing  committee  to  Conmiittee  E-l  for 
consideration  and  advice  shall  be  referred  to  a  sub-committee,  appointed  by  the 
Advisory  Conmiittee,  consisting  of  at  least  one  Representative  Member  trom  each 
standing  committee  affected  by  the  method  of  test  and  a  member  of  the  Advisory 
Committee,  who  shall  be  chairman  of  the  sub-committee.  The  report  of  this 
sub-committee  will  be  received  and  considered  by  the  Adtisory  Committee  and 
submitted  to  Committee  E-1.  If  the  report  of  the  sub-committee  is  unanimous,  the 
Advisory  Committee  may  at  its  discretion  refer  the  method  to  letter  ballot  of  Com- 
mittee E-1  without  first  presenting  it  at  a  meeting  of  Conmiittee  E-l." 

Two  rather  different  interpretations  could  be  made  of  this  regulation 
depending  upon  the  policy  of  the  committee  in  handling  the  consideration  of 
the  tentative  standards.  One  method  of  procedure  would  be  to  form  the  sub- 
committee of  those  associate  members  whose  committees  were  directly  affected 
or  interested  in  the  standard  under  consideration,  and  after  such  a  sub-committee 
had  reported  to  discharge  it.  This  n[iethod  would  apparently  result  in  the 
formation  of  a  very  large  number  of  short-lived  committees. 

As  a  result  of  considerable  thought  and  discussion,  your  sub-committee  has 
arrived  at  a  rather  different  conception  of  the  spirit  in  which  this  rule  should 
be  interpreted  to  the  end  that  a  much  broader  policy  might  be  adopted  with 
regard  to  the  formation  and  functioning  of  these  sub-committees.  This  may 
be  briefly  outlined  as  follows: 

That  a  sub-committee  shall  be  formed  to  consider  each  of  the  general  tests 
such  as  compression,  tension,  bending,  distUlation,  etc.  It  would  be  the  duty 
of  these  sub-committees  to  consider  their  subject  in  the  broadest  manner,  study- 
ing the  fimdamentals,  suitable  apparatus,  the  application  of  the  test  to  various 
materials,  and  eventually  formulating  general  methods  for  making  the  various 
tests.  Such  general  methods  when  finally  perfected,  would  discuss  th*e  meaning 
of  the  test,  the  fundamental  precautions  to  be  observed,  apparatus,  calibration, 
accuracy,  tolerances,  and  modifications  that  may  have  to  be  adopted  for  handling 
various  materials.  The  general  xmndples  thus  formulated  by  the  sub-com- 
mittee of  Committee  £-1  would  then  serve  as  standards  to  be  followed  by 
standing  committees  in  the  appUcation  of  the  test  in  question  to  their  particular 
materials. 

Each  sub-committee  would  be  expected,  therefore,  to  make  a  review  of  its 
subject  and  to  bring  in  its  final  results  in  a  standardized  form  that  would  cover 
a  number  of  the  essential  points  that  are  now  lacking  in  many  of  otir  existing 
standards.  Such  sub-committees  would  be  more  or  less  permanent  and  would 
in  accordance  with  our  rules  be  under  the  chairmanship  of  a  member  of  the 
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Advisory  Committee.  The  other  members  would  be  the  Representative  Mem- 
bers or  their  representatives  of  the  various  standing  committees  who  are  in- 
terested in  tests  handled  by  the  particular  sub-committee,  the  idea  being  that 
the  men  most  conversant  with  the  test  in  question  .would  represent  the  regularly 
elected  representative  members  if  necessary  on  the  sub-committees. 

It  is  believed  that  in  this  manner  the  work  of  correlating  the  various 
standards  would  be  most  advantageously  handled,  as  a  new  tentative  standard 
would  automatically  go  to  the  sub-committee  handling  that  particular  subject. 
It  will,  no  doubt,  be  necessary  to  handle  certain  standards  or  special  tests  by 
small  temporary  committees,  as  tmder  the  previously  described  first  plan. 

It  may  be  objected  that  such  policy  of  studying  the  theory  and  ftmdamental 
principles  would  delay  the  consideration  of  existing  tentative  standards.  There 
seems  little  reason  to  believe  that  this  will  occur.  As  a  matter  of  fact,  the 
sub-committees  for  the  first  year  or  so,  after  a  general  consideration,  would 
probably  approve  the  method  for  adoption,  indicating  that  they  have  not  com- 
pleted their  final  studies. 

It  would  appear  that  this  policy  would  involve  fewer  sub-committees  with 
subsequent  easier  administration;  that  with  a  more  stable  organization,  thr 
work  would  go  forward  more  efficiently  and  the  sub-committees  would  have 
represented  all  the  available  knowledge  on  their  general  subject  from  a  variety 
of  different  angles. 

Finally,  it  is  believed  that  in  this  matter,  Committee  E-1  would  be  ful- 
filling its  duty,  to  quote  from  the  instructions  from  the  Executive  Committee: 

*^  To  perform  such  other  functions  as  may  advance,  improve,  standardize  and 
unify  the  science  of  materials  testing." 

Respectfully  submitted, 

A.   T.   GOLDBECK, 
W.   H.   FULWEILEB. 

In  presenting  this  report  to  the  Society  as  an  expression  of  the 
spirit  in  which  its  regulations  should  be  interpreted,  the  committee 
desires  to  emphasize  that  every  endeavor  will  be  made,  in  carrying  out 
the  plan  of  fundamental  study  of  the  various  kinds  of  tests,  to  act  as 
promptly  as  possible  upon  tentative  methods  of  test  as  they  are  sub- 
mitted from  time  to  time  by  the  standing  committees.  It  is  not  the 
intention  of  the  committee  to  withhold  indefinitely  approval  of 
tentative  methods  that  standing  committees  may  desire  to  see  ad- 
vanced to  the  status  of  standard,  pending  a  complete  study  of  funda- 
mental principles  underlying  the  various  kinds  of  tests  that  may  be 
involved  in  a  particular  tentative  method.  Where  the  circumstances 
seem  to  justify  it,  it  is  expected  that  the  sub-committees  to  be  organ- 
ized under  the  procedure  outlined  above  could  consistently  recom- 
mend the  advancement  of  a  tentative  method  to  standard  after  due 
consideration  of  the  special  features  involved  in  the  method,  indicating 
that  the  final  studies  of  fundamental  principles  are  not  completed  and 
reserving  the  privilege  of  suggesting  modifications  that  may  seem 
desirable  as  their  studies  progress. 
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Under  the  regulations  the  responsibility  for  developing  methods 
of  testing  rests  with  the  standing  committees  themselves.  There  can 
only  be  one  reason  for  providing  for  review  of  these  methods  by  Com- 
mittee E-1 — ^namely,  a  reasonable  tmiformity  and  continuity  of  policy 
in  the  development  of  methods  of  determining  properties  or  charac- 
teristics of  all  materials  to  which  the  several  methods  may  properly 
be  applied.  This  requires  cooperation  among  all  the  standing  com- 
mittees which  may  be  at  work  on  any  given  method  or  type  of  test,  and 
Committee  E-1  becomes  the  medium  through  which  sudi  cooperation 
may  be  accomplished.  We  cannot  too  strongly  emphasize  the  neces- 
sity that  each  standing  committee  which  finds  it  necessary  or  desirable 
to  develop  a  method  of  test,  realize  that  other  standing  committees 
may  also  have  found  it  necessary  to  determine  the  same  or  a  similar 
characteristic  of  another  materigJ  and  that  all  will  be  helped  in  their 
work  by  the  broader  perspective  obtained  from  cooperative  work 
among  all  the  committees  confronted  with  the  similar  problei^  con- 
cerning the  several  materials. 

Essentially,  Committee  E-1  is  planning  for  the  future  and  hopes 
to  lay  foundations  upon  which  reasonably  permanent  structures  may 
ultimately  be  erected.  This  will  require  time  and  in  the  meantime 
orderly  progress  of  work  nmy  not  be  stopped  or  even  unduly  delayed. 
Each  technical  committee  is  represented  upon  Conmiittee  E-1  and  is 
in  a  position,  therefore,  to  assist  in  reaching  a  decision  best  calculated 
to  serve  in  each  individual  case  as  it  arises.  It  is  obvious  that  there 
may  be  approved  many  methods  as  tentative  and  even  as  standard 
which  will  require  modifications  as  further  knowledge  and  experience 
are  gained  from  the  work  of  Conmiittee  E-1  along  fundamental  lines. 

Classification  of  Methods  of  Test. — ^To  facilitate  the  development 
of  the  work  of  the  committee  along  these  lines,  an  analysis  and  tabula- 
tion of  all  the  methods  of  test  of  the  Society,  both  standard  and  tenta- 
tive, was  made  in  the  office  of  the  Secretary.  A  complete  list  of  all  tests 
was  first  prepared.  It  was  found  that  by  grouping  together  tests  of  a 
similar  nature  the  entire  list  could  be  classified  in  sixteen  divisions 
such  that  each  division  contained  those  tests  that  seem  to  be  fairly 
closely  related.  The  complete  tabulation  is  quite  extensive  (85  type- 
written pages)  and  will  be  of  considerable  assistance  to  the  com- 
mittee in  making  the  general  review  of  the  Society's  methods  that  the 
committee  is  about  to  undertake.  The  tabulation  is  too  extensive  to 
publish,  but  some  idea  of  its  magnitude  can  be  obtained  from  the 
following  list  of  the  kinds  of  tests  that  are  specified  in  the  Society's 
standards  and  tentative  standards,  these  having  been  grouped  under 
the  sixteen  divisions  as  previously  mentioned. 
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Classification  of  Methods  According  to  Type  of  Test. 


I.  Mechanical  Tests  made  by  Appli- 

cation, .of  Stress-producing 
Forces.     (See  also  11.) 

Tension. 

Compresdon. 

Crush. 

Flattening. 

Bend. 

Fracture. 

Homogeneity. 

Flange. 

Splitting. 

Hydrostatic. 

Brinell  Hardness. 

Impact. 

Abrasion. 

Friction. 

Beading. 

II.  Mechanical  Tests  Involving  such 

Properties  as  Consistency, 
Plasticity,  etc.  (Closely  re- 
lated to  I.) 

Consistency.  , 

Plasticity. 

Workability. 

Viscosity. 

Ductility. 

Softening  Point. 

Melting  Point. 

Penetration. 

III.  Tests    for    Density,    Refractive 

Index  and  Similar  Physical 
Constants.  (See  also  V  in 
relation  to  Porosity.) 

Density  and  Specific  Gravity. 

Unit  Weight. 

Refractive  Index. 

IV.  Classification  of  Material.      (In- 

cluding separation  of  ma- 
terials, impurities,  etc.) 

Mechanical  Separation. 

Percentage  of  Waste. 

Colorimetric  Tests. 

Determination  of  Foots. 

Precipitation  Number. 

V.  Tests  for  Absorptive   Properties. 

(See  also  III.) 


VI.  Tests  for  Determination  of  Water. 

VII.  Tests  for  Constancy  of  Volume. 

VIII.  Tests  for  Time  of  Setting. 

IX.  Thermal  Tests. 
(Cast  Iron  Wheels.) 
Chill  Test.  ' 

Fire  Tests  of  Materials. 
Freezing  and  Thawing. 
SpaUing  Action; 
Slagging  Action. 
Fusion. 
Fusibility. 

Cloud  and  Pour  Tests. 
Heating  Test  (jellying  of  Tung  oil). 
..     Digester  Test. 

X.  Test  for  Volatility. 

Distillation. 
Loss  on  Heating. 
Flash  and  Fire  Point. 

XI.  Metallographic  Tests. 

XII.  Magnetic  Tests. 

XIII.  Dielectric  Tests. 

XrV.  Miscellaneous  Tests  of  alchem- 
ical Nature. 
Free  Carbon. 
Soluble  Bitumen. 
Matter  Insoluble  in  Benzol. 
Alcohol  Insoluble  Matter. 
Carbon  Residue. 
Determination  of  Ash. 
Free  Sulfur. 

Discoloration  of  Copper. 
Tinning  Test. 
Iodine  Number. 
Polymerization. 
Determination  of  Acid. 
Saponification  Number. 
Unsaponifiable  Matter. 
Strain  Test. 
Determination  of  Rosin. 

XV.  Color. 

XVI.  Dimensional  Measurements. 
Meastirements. 

Crimp  and  Off-square. 
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With  the  adoption  of  the  procedure  above  outlined  and  with  the 
above  classification  of  the  Society's  methods,  the  committee  has 
mapped  out  its  program  of  work  along  these  lines  and  reports  the 
following  progress,  the  reports  being  arranged  for  convenience  in  the 
order  of  the  above  sub-divisions: 

7.  Meihods  of  Mechanical  Tests  Made  by  Application  of  Stress-Producing 
Forces, — As  mentioned  in  the  last  annual  report,  the  revision  of  the  Society's 
Standard  Methods  for  Mechanical  Testing  of  Metallic  Materials  (El-  18)  has 
been  placed  in  the  hands  of  a  sub-committee  of  Committee  £-1,  under  the 
chairmanship  of  H.  P.  Moore,  consisting  of  the  representative  members  of 
Committee  £-1  from  those  committees  dealing  with  metals.  It  has  been 
decided  to  refer  the  tests  classified  in  Group  I  to  this  sub-committee,  which 
will  be  suitably  enlarged  by  representatives  of  committees  of  the  Society  dealing 
with  other  materials  than  metals  which  are  subjected  to  the  kinds  of  tests  there 
classified.  It  is  believed  that  the  revision  of  the  methods  of  testing  metals 
which  is  now  actively  under  way,  and  which  is  mentioned  in  detail  later  in  this 
report,  will  go  far  towards  establishing  fundamental  principles  to  be  observed 
in  making  the  kinds  of  tests  listed  in  this  group.  Three  tests  in  this  group  that 
are  of  wide  application  to  many  types  of  materials  are  the  tension,  compression 
and  bend  (or  transverse)  tests,  and  it  is  the  expectation  that  the  work  of  this 
sub-committee  will  lead  to  a  description  of  the  fundamentals  of  these  tests  as 
applied  to  any  material  that  will  be  of  the  greatest  possible  service  to  all  who 
are  concerned  with  the  testing  of  materials. 

The  thermal  test  for  cast-iron  wheels  and  the  chill  test  for  cast-iron  wheels 
and  cylinders  (Group  IX)  have  also  been  assigned  to  this  sub-committee  because 
of  their  special  application  to  metals. 

//.  Methods  of  Mechanical  Tests  Involving  such  Properties  as  Consistency, 
Plasticity,  etc. — ^This  group  of  tests  has  been  referred  to  a  representative  sub- 
committee under  the  chairmanship  of  A.  T.  Goldbeck.  This  sub-committee 
was  originally  organized  to  consider  certain  physical  tests  of  such  cementitious 
materials  as  cement,  lime,  gypsum,  etc.  Certain  of  the  properties  in  this  group, 
that  is,  those  designated  by  the  terms  "consistency,"  "plasticity"  and  "work- 
ability," are  especially  applicable  to  cementitious  materials,  and  the  sub- 
committee with  representatives  from  a  few  additional  committees  was  readily 
made  sufficiently  representative  to  include  related  properties  of  viscosity,  soft- 
ening point,  melting  point,  penetration  and  ductility.  The  deliberations  of 
this  sub-committee  have  brought  out  clearly  that  there  is  considerable  confusion 
in  the  use  of  these  terms  and  that  one  of  the  first  essentials  in  the  committee's 
work  would  be  to  arrive,  if  possible,  at  acceptable  definitions  of  the  terms  and 
a  description  of  the  properties  of  materials  that  they  denote.  For  example,  a 
discussion  of  the  term  "consistency"  brought  out  several  ideas  of  the  meaning 
of  this  term:  namely.  That  consistency  is  a  measure  of  the  degree  of  wetness  of 
a  material ;  that  it  is  a  measure  of  the  resistance  of  a  material  to  change  of  form; 
and  that  consistency  depends  primarily  upon  the  dispersion  of  the  soUd  particles 
in  a  liquid  medium. 

To  assist  the  sub-committee  in  its  work  there  was  prepared  in  the  Secre- 
tary's office  a  "Memoranda  on  Definitions  of  and  Tests  for  Consistency,  Plas- 
ticity, etc.,  as  Appearing  in  A.S.T.M.  Publications."  This  memoranda  sum- 
marizes all  available  information  in  the  Society's  standards  and  tentative 
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standards  relating  to  the  terms  in  this  group,  whtch  are  found  in  the  standards 
relating  to  cement,  lime,  gypsum,  bituminous  materials,  petroleum  products, 
insulating  varnishes  and  fire-day  brick  (in  all,  20  methods).  Definitions  of  the 
terms  found  in  standard  dictionaries  and  as  prepared  by  committees  of  the 
Society  are  first  given,  followed  by  an  abstract  of  the  methods  of  determining 
the  properties  as  described  by  the  several  conrniittees.  These  are  followed  by 
abstracts  from  reports,  papers  and  discussions  in  the  Society's  Proceedings 
over  the  last  ten  years,  illustrating  the  usage  of  these  terms  in  current  engineer- 
ing literature.  The  entire  dociunent  of  20  t3T)ewritten  pages  siunmarizes  the 
work  that  the  Society  has  so  far  done  in  specifying  methods  for  determining 
these  several  properties,  and  will  serve  well  as  a  starting  point  for  the  work 
of  this  sub-committee.  About  200  mimeographed  copies  of  the  memoranda 
have  been  distributed  among  the  officers  of  the  standing  committees  interested, 
the  chairmen  and  members  of  the  sub-committees  of  those  standing  committees 
dealing  with  methods  of  testing  and  nomenclature,  and  other  individuals  whose 
opinions  will  be  of  value  to  the  sub-committee. 

///.  Methods  of  Tests  for  Density,  Refractive  Index  and  Similar  Physical 
Constants, — Pending  the  preparation  of  ftmdamental  definitions  of  "density" 
and  "specific  gravity," — a  matter  that  is  now  receiving  the  consideration  of 
Committee  E-8  on  Nomenclature  and  Definitions, — Committee  E-1  has 
deferred  any  consideration  of  the  methods  in  the  Society's  standards  and  ten- 
tative standards  for  determining  the  properties  classified  in  this  group. 

IV.  Methods  for  Classification  of  Material  (Including  Separation  of  Mate- 
rials, Impurities f  etc.), — The  principal  test  in  this  group  is  that  of  mechanical 
separation  of  materials,  including  the  grading  of  material  and  the  determination 
of  fineness.  Progress  has  been  made  in  the  organization  of  a  sub-committee  to 
consider  these  tests. 

F.  Methods  of  Tests  for  A  bsorptive  Properties, — Progress  has  been  made  in 
the  preparation  of  a  resume  of  the  Society's  tests  for  absorptive  properties. 

VI,  Methods  of  Tests  for  Determination  of  Water. — ^A  sub-committee  has 
been  formed  under  the  chairmanship  of  W.  H.  Fulweiler,  which  is  considering 
the  harmonizing  of  methods  for  determining  water  in  certain  bitimiinous  mate- 
rials and  petroleum  products,  the  three  committees  involved  being  D-2  on  Petro- 
leum Products  and  Lubricants,  D-4  on  Road  Materials,  and  D-7  on  Timber. 
Progress  can  be  reported  in  the  study  of  the  methods  in  the  charge  of  these 
three  committees,  and  the  sub-conmiittee  will  be  suitably  enlarged  to  consider 
similar  tests  of  other  committees. 

VII,  Methods  of  Tests  for  Constancy  of  Volume. — Progress  has  been  made 
in  the  preparation  of  a  resume  of  the  Society's  tests  for  constancy  of  volume. 

VIII,  Methods  of  Tests  for  Time  of  Setting. — Progress  has  been  made  in 
the  preparation  of  a  resume  of  the  Society's  tests  for  time  of  setting. 

IX,  Methods  of  Thermal  Tests. — The  tests  in  this  group  are  for  the  most 
part  highly  special  and  the  several  tests  are  usually  of  interest  to  but  one  or 
two  committees.  The  tests  are  being  reviewed  by  the  Advisory  Committee, 
particularly  with  respect  to  the  clarity  of  description  and  the  general  form  and 
arrangement. 

X,  Methods  of  Tests  for  Volatility. — The  tests  in  this  group  have  been 
referred  to  a  sub-committee  under  the  chairmanship  of  A.  W.  Dow.  This  sub- 
committee was  mentioned  in  the  last  annual  report  as  having  been  organized 
to  review  the  several  distillatiqn  tests  that  have  been  proposed  by  the  various 
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committees  of  the  Society,  unifying  them  in  any  respect  that  would  not  detract 
from  their  value  and  suggesting  modifications  for  their  betterment.  One  of  the 
first  features  brought  out  in  the  work  of  this  sub-committee  was  the  fact  that 
it  appeared  the  distillation  thermometers  could  be  unified;  but  since  the  stand- 
ardization of  thermometers  concerned  a  number  of  other  tests  it  was  considered 
advisable  to  recommend  to  the  Executive  Committee  of  the  Society  the  organ- 
ization of  a  new  standing  committee  on  thermometers.  This  recommendation 
was  approved  by  the  Executive  Committee  and  Committee  D-15  on  Ther- 
mometers was  organized  in  October,  1921,  and  has  taken  over  the  problem  of 
standardizing  thermometers  required  in  A.S.T.M.  tests. 

The  sub-committee  then  discussed  the  imifying  and  simplifying  of  other 
apparatus  used  in  the  distillation  test,  but  it  was  soon  realized  that  there  have 
not  been  made  a  stifficient  ntunber  of  investigations  comparing  the  several  differ- 
ent methods  to  enable  reliable  conclusions  to  be  formed.  It  was  therefore 
thought  advisable  to  investigate  the  various  distillation  methods  by  sending 
out  standard  samples  of  various  materials  for  collaborative  work,  testing  the 
materials  not  only  by  the  method  standard  for  those  materials  but  by  other 
methods  designed  for  different  classes  of  material.  This  collaborative  work  is 
now  well  under  way  with  at  least  three  of  the  standing  committees  represented 
and  it  is  hoped  that  considerable  data  will  be  available  within  the  next  year 
upon  which  the  sub-committee  can  base  some  accurate  conclusions  as  to  the 
effect  of  different  apparatus  and  different  methods  of  procedure  on  the  results 
obtained. 

The  sub-committee  has  also  given  consideration  to  the  various  tests  for 
flash  point  that  are  standard  or  tentative  in  the  Society  at  present.  These  are 
the  Standard  Meth<yis  of  Test  for  Flash  Point  of  Volatile  Flammable  Liquids 
(D  56-  21),»  Tentative  Method  of  Test  for  Flash  and  Fire  Points  by  Means 
of  Open  Cup  (D  92  -  21  T),«  Tentative  Method  of  Test  for  Flash  Point  by 
Means  of  the  Pensky-Martens  Closed  Tester  (D93-21T)'  and  Tentative 
Methods  of  Testing  Insulating  Varnishes  (D  115  -  21  T).*  The  sub-committee 
has  reviewed  these  methods  and  reports  that  the  descriptions  are  satisfactory 
as  to  wording  and  form.  The  sub-committee  has  recommended  that  Commit- 
tee E-1  approve  the  recommendation  of  Committee  D-2  on  Petroleum  Products 
and  Lubricants,  made  at  the  present  annual  meeting,  that  the  Tentative  Method 
of  Test  for  Flash  Point  by  Means  of  the  Pensky-Martens  Closed  Tester  (D  93  - 
21  T)  be  referred  to  letter  ballot  of  the  Society  for  adoption  as  standard,  revised 
as  recommended  by  Committee  D-2  in  its  annual  report.  The  sub-committee 
has  recommended  to  Committee  D-9  on  Electrical  Insulating  Materials  that 
the  Tentative  Methods  of  Testing  Insulating  Varnishes  (D115-21T)  be 
revised  by  stating  more  specifically  the  method  of  flash  test  that  would  be  best 
suited  to  the  insulating  varnishes  being  tested.  The  sub-committee  has  also 
suggested  that  Committee  D-2  investigate  the  possibility  of  adapting  the 
Tag  Closed  Tester  to  high-flash  volatile  products  with  the  thought  of  adopting 
it,  if  possible,  as  a  single  standard  closed  flash  tester. 

During  the  coming  year  this  sub-committee  will  take  under  consideration 
other  tests  for  volatility  falling  in  this  group. 


>  1921  Book  of  A.S.T.M.  Standarda.  p.  669. 
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XI.  Methods  of  MeiaUograpkic  Tests. — ^The  preparation  of  all  metallo- 
graphic  tests  has  been  referred  to  Committee  £-4  on  Metallography.  Methods 
of  Metallographic  Testing  of  Iron  and  Steel  (E  3  -  21  T)*  were  proposed  at 
the  last  annual  meeting  and  accepted  as  tentative  and  Committee  £-4  is  now 
engaged  in  the  preparation  of  methods  of  metallographic  testing  of  non-ferrous 
metals. 

XII.  Methods  of  Magnetic  Tests. — The  preparation  of  these  methods  has 
been  referred  to  Committees  A-6  on  Magnetic  Properties  and  A-8  on  Magnetic 
Analysis. 

XIII.  Methods  for  Dielectric  Tests. — ^These  tests  occur  exclusively  in  the 
methods  prepared  by  Committees  D-9  on  Electrical  Insulating  Materials  and 
D-11  on  Rubber  Products.  These  committees  have  stated  to  Conmiittee  E-1 
that  the  dielectric  strength  tests  described  in  the  methods  and  specifications 
in  the  charge  of  these  two  committees  are  in  conformity  with  the  recommenda- 
tions in  the  standardization  rules  of  the  American  Institute  of  Electrical  Engi- 
neers wherever  the  latter  apply.  These  tests  are  of  very  special  application 
and  are  being  reviewed  by  the  Advisory  Committee  for  their  form  and  clarity 
of  expression. 

XIV.  Methods  for  Miscellaneous  Tests  of  a  Chemical  Natwe. 

XV.  Methods  for  Determination  of  Color. 

XVI.  Methods  for  Certain  Dimensional  Measurements. 

The  tests  in  these,  three  groups  are  for  the  most  part  highly  special  and  the 
several  tests  are  usually  of  interest  to  but  one  or  two  committees.  The  tests 
are  therefore  being  reviewed  by  the  Advisory  Committee,  particularly  with 
respect  to  the  clarity  of  description  and  the  general 'form  and  arrangement. 

It  is  believed  that  considerable  progress  will  be  made  in  the  consideration 
of  these  and  other  special  tests  during  the  coming  year. 

Revision  of  Standard  Methods  of  Mechanical  Testing  of  Metallic 
Materials  {E  1- 18). — ^The  sub-cominittee  (previously  referred  to) 
in'  charge  of  this  revision,  under  the  chairmanship  of  H.  F.  Moore, 
has  made  substantial  progress  during  the  past  year.  Since  the  last 
annual  meeting  two  well-attended  meetings  of  the  sub-conunittee  have 
been  held  and  considerable  correspondence  has  passed  between  the 
members.  As  the  result  of  the  activities  of  this  sub-conunittee. 
Committee  £-1  includes  in  an  appendix  to  this  report  revisions  of  the 
section  on  definitions  in  the  standard  methods,  and  of  the  section  on 
calibration  of  testing  machines.  The  committee  is  not  yet  prepared 
to  reconunend  these  revisions  for  publication  as  tentative  but  wishes  to 
submit  them  as  a  report  of  substantial  progress  in  this  undertaking. 

The  section  on  definitions  has  been  extended  tq  include  terms  not 
heretofore  defined  in  the  standard  methods.  Typical  stress-strain 
diagrams  are  shown  and  methods  of  plotting  them  described.  Elastic 
limit  and  yield  point  are  defined  and  the  definitions  are  supplemented 
with  a  description  of  methods  of  determining  these  properties.    At- 

1  Procudints,  Am.  Soc  Tert.  Mats.,  Vo!.  21.  p.  817  (1921). 
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tention  is  called  to  the  fact  that  the  sub-committee  in  charge  of  this 
work  has  concluded  that  experience  does  not  indicate  any  appreciable 
difference  between  the  elastic  limit  and  the  limit  of  proportionality  of 
stress  to  strain  (sometimes  called  the  proportional  limit)  and  that 
therefore  the  determination  of  the  imit  stress  at  the  limit  of  proportion- 
ality of  stress  to  strain  is  to  be  regarded  as  an  accurate  determination 
of  the  elastic  limit. 

The  section  on  calibration  of  testing  machines  has  been  entirely 
rewritten  and  enlarged.  It  is  appended  hereto  under  the  provisional 
title  "Methods  for  Verification  of  Testing  Machines." 

Committee  E-1  particularly  solicits  criticism  and  discussion  of 
these  progress  reports.  During  the  coming  year  the  committee  will 
consider  all  comments  received  and  will  continue  its  work  in  the 
revision  and  extension  of  the  present  standard  methods. 

Advancement  of  Method  of  Test  for  Flash  Point  to  Standard. — In 
pursuance  of  the  recommendations  of  the  Sub-Committee  on  Volatility 
referred  to  above.  Committee  E-1  has  approved  the  reconmiendation 
of  Committee  D-2  on  Petroleum  Products  and  Lubricants  that  the 
present  Tentative  Method  of  Test  for  Flash  Point  by  Means  of  the 
Pensky-Martens  Closed  Tester  (D  93  -  21  T)  be  referred  to  letter 
ballot  of  the  Society  for  adoption  as  standard  with  the  revision  that  is 
recommended  by  Conunittee  D-2  in  its  annual  report. 

The  letter  ballot  vote  of  Committee  E-1  on  this  recommendation 
is  as  follows:  Advisory  Committee,  afltanative,  7; -negative,  0;  not 
voting,  1;  total,  8;  Standing  Committees,  afltonative,  20;  negative, 
0;  not  voting,  15;  total,  35. 

SuitabilUy  Tests. — In  its  last  annual  report  the  committee  briefly 
called  attention  to  the  two  kinds  of  tests  of  materials  that  are  made: 
(l)  Control  tests,  to  determine  whether  a  given  material  or  product 
conforms  to  specified  requirements;  and  (2)  Suitability  tests,  to 
determine  whether  the  material  or  product  is  entirely  suitable  for  the 
purpose  intended.  During  the  past  year  this  subject  was  referred  to  a 
special  committee  with  instructions  to  prepare  a  statement  that  could 
be  sent  out  to  the  standing  committees  for  their  consideration.  Such 
a  statement  was  received  at  the  meeting  of  the  committee  held  during 
the  1921  annual  meeting  and  is  given  below: 

Report  of  SuB-CoiaaTTEE  on  Suitability  Test  Methods. 

Your  sub-committee  appointed  to  consider  the  importance  of  special  test 
methods  devised  to  determine  the  suitability  of  materials  believes  that  service 
or  suitability  tests  are  generally  necessary,  and  whereas  most  of  the  tests  now 
in  use  should  be  classed  as  control  tests,  it  is  important  that  further  methods  be 
provided  for  testing  suitability  of  materials.    It  is,  therefore,  believed  to  be 
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important  to  recognize  this  necessity  and  to  provide  test  methods  for  this 
purpose.  The  following  descriptions  of  control  tests  and  suitability  tests 
indicate  your  sub-committee's  conception  of  the  functions  of  these  tests: 

Control  Tests  are  applied  to  materials  to  determine  certain  definitely  required 
qualities  in  terms  which  will  allow  of  comparison  with  standards  that  have  been 
predetermined.  The  application  of  a  control  test  assumes  the  existence  of  a 
specification  or  of  a  known  standard.  Control  tests  are  tests  which  may  be 
applied  by  both  the  manufacturer  and  consumer  of  the  material  being  tested. 

SuUahUUy  Tests  are  applied  to  determine  the  ability  of  materials  to  perform 
properly  the  functions  required  of  them  as  component  parts  of  structiu'es  or 
articles  of  manufacttu^.  The  principal  basis  on  which  suitability  tests  should 
be  developed  is  service  required.    Suitability  tests  may  be: 

1.  Actual  service  tests  of  a  finished  article  under  actual  conditions; 

2.  Tests  of  certain  qualities  in  the  finished  product  based  on  knowledge 

that  certain  values  in  the  finished  product  indicate  definite 
values  in  the  material  imder  observation; 

3.  Tests  of  certain  qualities  in  material  imder  observation,  the  values 

of  which  have  been  previously  determined  in  their  relation  to 
the  actual  service  of  the  finished  product. 

Suitability  tests  do  not  assume  the  presence  of  specifications  or  acknowledged 
standards,  but  they  should  be  of  such  nature  that  they  will  guide  the  consumer 
of  the  raw  material  in  the  acceptance  of  an  unknown  product.  They  are  not 
necessarily  tests  which  can  be  carried  out  by  the  manufacturer  of  the  raw 
product.  They  are  of  greatest  interest  to  consumers,  although  it  .necessarily 
follows  that  even  in  cases  where  these  tests  are  such  that  they  cannot  be  carried 
out. by  manufacttu-ers  of  the  materials  to  be  tested,  the  mantifacturers  are, 
neverUieless,  vitally  interested  in  suitability  tests  to  which  their  products  are  to 
be  subjected  and  the  values  which  are  required  of  them. 

In  many  cases  it  would  not  seem  practicable  for  a  standing  committee  to 
draw  up  specific. tests  for  the  suitability  of  the  product  with  which  it  has  to  deal 
because  of  the  variety  of  finished  products  into  which  the  materials  enter.  In 
such  cases  it  would  probably  be  desirable  for  the  standing  committee  to  go  no 
further  than  to  establish  certain  limits  within  which  all  suitability  tests  must  be 
conducted.  Some  standing  committees,  however,  may  find  it  entirely  prac- 
ticable to  definitely  establish  suitability  tests. 

Your  sub-committee  makes  the  following  recommendations: 

1.  That  two  general  classes  of  test  methods  be  recognized: 

(a)  Control  Test  Methods  to  determine  qualities  of  materials  in 
terms  which  will  allow  of  comparison  with  predetermined 
standards; 

(5)  Suitability  Test  Methods  to  determine  the  ability  of  material 
to  properly  perform  the  function  required  of  it  as  a 
component  part  of  a  structure  or  article  of  manufacture. 

2.  That  all  standing  committees  be  asked  to  consider  the  advisability 

of  developing  suitability  tests  for  the  material  under  their 
consideration;  and 

3.  That  where  research  work  is  required  for  the  development  of  these 

test  methods,  steps  be  taken  for  enfarging  the  personnel  of  the 
various  committees  so  that  necessary  research  work  may  be 
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carried  out|  and  when  sadi  actioQ  18  neoessaiy  it  is  reooa^ 
that  the  standing  committees  appoint  sub-committees  to  whidi 
this  work  may  be  delegated. 

Respectfully  submitted  on  behalf  of  the  sub-committee, 

A.  E.  Jury, 
Chairman. 

This  report  has  been  sent  to  each  standing  committee  with  the 
request  for  comments  and  expressions  of  opinion  regarding  its  appli- 
cability to  the  work  of  the  standing  committees.  Several  committees 
have  submitted  replies  and  it  is  expected  to  receive  many  others  during 
the  coming  year. 

Methods  of  Reporting  Mean  Results. — Committee  E-1  has  received 
from  Committee  D-4  on  Road  Materials  the  following  resolution  point- 
ing out  the  desirability  of  considering  methods  that  are  used  in  arriving 
at  average  results  to  be  reported  from  a  series  of  tests: 

Resolution  Passed  by  Committee  D-4  at  its  Meeting  Maech  30,  1921. 

Committee  D-4  on  Road  Materials  wishes  to  call  the  attention  of  Commit- 
tee £-1  to  certain  facts  in  connection  with  methods  of  testing  that  it  believes 
are  of  very  considerable  importance,  not  only  to  Committee  D-4  but  to  many 
of  the  other  standing  committees,  and  on  which  it  desires  assistance  and  advice. 

In  carrying  on  many  of  the  tests,  repeated  results  on  apparently  the  same 
sample  of  material  vary  quite  widely  from  the  mean.  It  has  been  common 
practice  in  reporting  the  final  result,  which  is  usually  an  arithmetical  mean,  to 
eliminate  those  results  which  appear  to  be  abnormal  and,  as  a  matter  of  fact, 
some  of  our  specifications  call  for  the  elimination  of  abncnmal  results  from  the 
reported  mean. 

It  is  felt  desirable  that  study  should  be  made  of  this  matter  with  a  view  to 

1.  Establishing  some  criterion  to  determine  what  is  the  mean  result 

in  order  that  abnormal  results  may  be  eliminated; 

2.  To  consider  the  best  method  of  expressing  the  final  result;  and 

3.  To  consider  in  view  of  the  requirements  of  the  various  tests  the 

number  of  observations  that  should  be  made  in  order  to  arrive  at 
representative  figures. 

Committee  E-1  believes  that  this  subject  merits  consideration  and 
as  the  first  step  the  resolution  has  been  brought  to  the  attention  of 
each  of  the  standing  committees  for  their  comment.  Several  such 
conmients  have  been  received  and  will  be  considered  during  the  course 
of  the  year  in  conjunction  with  others  that  are  expected.  Attention  is 
called  to  the  interesting  discussion  of  this  subject  in  the  report  this 
year  of  Committee  C-8  on  Refractories. 

Impact  Testing. — Committee  E-1  has  given  considerable  thought 
during  the  year  to  the  subject  of  impact  testing.  A  special  committee 
consisting  of  Messrs.  T.  D.  Lynch,  chairman,  W.  H.  Bassett,  A.  N. 
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Johnson  and  Richard  Moldenke  fully  reviewed  a  considerable  amount 
of  data  that  had  been  received  from  the  British  Engineering  Standards 
Association.'  The  committee  felt  that  the  importance  of  this  subject 
warranted  a  general  discussion  at  the  annual  meeting  and  appointed  a 
special  committee  under  the  chairmanship  of  Mr.  Lynch  to  work  out 
the  details  of  such  a  symposium  in  cooperation  with  the  Committee  on 
Papers  and  Publications.  It  is  bdieved  that  this  discussion  will  not 
only  bring  out  interesting  and  valuable  information  but  will  be  of 
much  aid  in  developing  the  further  work  of  the  Society  in  the  study  of 
the  impact  test. 

Form  of  Methods  of  Test. — ITie  committee  stated  in  its  report  a 
year  ago  that  it  had  prepared  a  suggested  outline  of  the  form  in  which 
a  method  of  test  should  preferably  be  arranged.  This  report  was 
submitted  to  Committee  E-5  on  Standing  Committees  for  its  considera- 
tion, with  the  recommendation  that  it  be  made  a  .part  of  the  Regula- 
tions Governing  the  Form  of  Standards.  This  recommendation  was 
subsequently  approved  by  Committee  E-5  and  the  revised  Regulations 
were  sent  to  the  officers  of  all  standing  committees  and  have  been  of 
considerable  value  to  the  committees  in  the  arrangement  of  new  and 
revised  test  methods  being  reported  at  this  annual  meeting.  The 
revised  Regulations  will  appear  in  the  current  Year  Book. 

As  related  somewhat  to  this  subject,  the  committee  wishes  to  call 
attention  to  the  fact  that  occasionally  specific  methods  of  test  are  re- 
ported by  committees  as  a  part  of  specifications  or  of  certain  general 
methods  in  such  a  way  that  their  significance  may  be  lost  sight  of  and 
it  may  be  difficult  to  locate  them  in  the  Society's  publications.  The 
committee  suggests  that  wherever  possible  standards  shall  be  so 
edited  that  the  various  methods  of  test  stand  out  clearly  and  in  such  a 
way  that  if  occasion  demands,  the  test  may  be  published  separately  as 
of  general  application. 

In  conclusion,  the  committee  feels  that  its  work  has  been  started 
along  sound,  fundamental  lines  and  that  it  is  now  in  a  position  to  make 
more  rapid  progress  in  the  consideration  of  the  various  methods  of 
test  that  are  before  the  Society.  The  cooperation  of  the  standing 
committees  through  their  representative  members  is  essential  and  the 
( committee,  expressing  its  appreciation  of  the  cooperation  during  the 
past  year,  earnestly  solicits  their  continued  support.  In  order  to  pass 
intelligently  upon  a  method  of  test  submitted  to  it  by  a  standing  com- 
mittee, it  is  very  desirable  to  know  the  basis  upon  which  the  given 
method  has  been  developed;  and  the  committee  therefore  suggests  to 

1  This  review  wm  preeanted  In  abstnot  tX  the  Sympotliim  on  Impact  Testing  of  MateriaU.    See 
Part  II  of  the  Proatdings,  p.  lOa— Ba 
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all  standing  committees  that  in  presenting  methods  of  test,  the  data 
on  which  the  methods  are  based  be  also  given,  in  such  form  that  all 
who  are  interested  will  have  access  to  it.  It  is  certain  that  this  will 
greatly  facilitate  the  work  of  the  committee  and  will  add  to  the  interest 
and  value  of  the  reports  of  the  standing  committees. 

This  report  has  been  submitted  to  letter  ballot  of  the  conmiittee 
with  the  following  result:  Advisory  Conunittee,  affirmative,  7; 
negative,  0;  not  voting,  1;  total  8;  Standing  Conrntiittees,  affirma- 
tive, 29;  negative,  0;  not  voting,  6;  total,  35. 

Respectfully  submitted  on  behalf  of  the  conunittee, 

J.  A.  Capp, 
Chairman. 
C.  L.  Warwick, 

Ex4)fficio  Secretary. 


Editokial  Noxe. 
For  a  discussion  of  this  report,  see  page  528. 
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SUGGESTED  DEFINITIONS  RELATING  TO  METHODS  OF 

TESTING. 

A  Report  of  Progress   in  the  Revision  of  the  Standard 

Methods  of  Mechanical  Testing  of  Metallic 

Materials  (E  1-18). 

Tension  exists  in  a  body  which  is  subjected  to  axial  forces  which 
tend  to  pull  the  body  in  two. 

Compression  exists  in  a  body  which  is  subjected  to  axial  forces 
which  tend  to  shorten  the  body. 

Shear  exists  in  a  body  which  is  subjected  to  forces  which  tend  to 
cause  two  contiguous  parts  to  slide  relatively  to  each  other  in  a 
direction  parallel  to  their  plane  of  contact 

Flexure  exists  in  a  body  which  is  subjected  to  forces  which  tend 
to  change  the  curvature  of  the  axis  of  the  body. 

Torsion  exists  in  a  body  which  is  subjected  to  forces  which  tend 
to  cause  rotation  about  the  axis  of  the  body  of  a  cross-section  with 
reference  to  a  contiguous  cross-section. 

Stress  is  the  internal  force  which,  in  the  presence  of  forces  causing 
a  change  of  form  of  a  body,  tends  to  hold  the  particles  in  their  original 
relation  and  to  preserve  the  integrity  of  the  body.  Stress,  in  the 
strict  sense  of  the  term,  is  a  quantity  which  is  measured  in  pounds 
(kilograms).  Unit  stress  is  the  stress  per  unit  of  area  at  any  given 
location  on  a  section  of  a  body,  and  is  measured  in  pounds  per  square 
inch  (kilograms  per  square  millimeter). 

The  tenn  "stress"  is  frequently  med  when,  strictly,  the  tenn  "unit  stress" 
should  be  used.  Probably  this  use  of  the  tenn  "stress"  xaiely  causes  serious 
confusbn.  There  are  three  kinds  of  stress:  tensile,  compreasiire,  and  shearing. 
Flerure  involves  the  combination  of  tensile  stress  and  compresove  stress.  Torsion 
involves  shearing  stress. 

Strain  or  Deformation  is  the  change  in  any  linear  dimension  of  a 
body,  which  change  accompanies  a  given  stress.  Strain  is  measured 
in  inches  (millimeters).  Unit  strain  or  unit  deformation  is  the  change 
per  unit  of  length  in  any  linear  dimension  of  a  body,  and  is  measured 
in  inches  per  inch  of  length  (millimeters  per  millimeter). 

Under  tensile  stress  or  oompresave  stress,  strain  is  measured  along  the  dimen- 
sion under  consideration.  Shearing  strain  is  measured  at  right  angles  to  the 
dimension  under  consideration.  In  torsion  tests,  which  involve  shearing  stress,  it  is 
customary  to  measure  the  angle  of  twist,  which  may  be  translated  into  terms  of 
unit  strain. 

(516) 
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A  Stres^'Sirain  Diagram  is  a  diagram  plotted  witli  values  of 
applied  load,  stress,  or  unit  stress  as  ordinates;  and  values  of  strain, 
or  unit  strain  as  abscissas. 

Pig.  1  is  an  example  of  a  stress-sttain  diagram. 

Stress-strain  diagrams  are  in  some  cases  drawn  directly  by  an  autographic 
attachment  to  the  testing  n^achine.  A  more  usual  method  of  procedure  consists  in 
taking  a  series  of  load  readings  (from  the  balanced  scale  beam  of  the  testing  madiine) 
with  corresponding  readings  of  the  strain-indicating  apparatus  (extensometer,  com- 
pressometer,  deflectometer,  or  torsion  indicator) .  The  term  '*  eztensometer  reading ' ' 
will  be  used  to  denote  the  reading  of  any  strain-measuring  instrument.  From  these 
readings,  or  from  values  computed  from  them,  there  is  plotted  a  diagram  with  stress- 
indicating  values  (load,  fleacural  moment,  twisting  moment,  or  unit  stress)  as  ordi- 
nates, and  strain-indicating  values  (elongation,  shortening,  deflection,  twist,  or  unit 
strain)  as  abscissas.  In  planning  such  a  test  it  is  necessary  to  decide  on  the  incre- 
ment of  load  or  the  increment  of  reading  of  esctensometer  to  be  used  between  succes- 
sive readings. 

In  Pig.  2  are  shown  three  typical  stress-strain  diagrams.  The  material  for  all 
three  tests  is  the  same,  and  the  test  specimens  are  all  the  same  size,  so  that  the 
diagrams  should  be  the  same.  The  diagram  shown  in  Pig.  2  (a)  is  plotted  from  points 
determined  by  taking  increments  of  load  (5).  In  this  diagram  it  is  seen  that  owing 
to  the  shape  of  the  curve,  data  for  locating  points  between  M  and  N  are  lacking. 
That  particular  portion  of  the  curve  (the  "knee"  of  the  curve)  is  the  part  for  which 
it  is  especially  desirable  to  locate  several  points  on  the  diagram. 

In  Pig.  2  (b)  is  shown  a  diagram  plotted  from  points  determined  by  taking 
increments  of  extensometer  reading  («).  It  will  be  noted  that  for  this  diagram  there 
are  located  several  points  near  the  knee  of  the  curve,  and  the  shape  of  the  diagram 
in  this  important  region  is  much  more  definitely  determined  than  for  the  curve  shown 
in  Pig.  2  (a). 

The  custom  of  choodng  increments  of  load  rather  than  increments  of  extenso- 
meter reading  is  quite  conmion  in  tests  of  materials  and  is  followed  because,  in  gen- 
eral, it  is  easier  to  compute  increments  of  }oad  than  it  is  to  compute  increments  of 
extensometer  reading.  ^  An  estimate  of  the  load  necessary  to  stress  the  specimen  up 
to  the  knee  of  the  curve  is  made  and  some  fraction  (frequently  one-tenth)  of  this 
value  is  taken  as  an  increment.  The  computation  of  the  corresponding  increment 
of  extensometer  reading  is  more  complicated. 

Sometimes  the  practice  is  followed  of  applying  a  few  increments  of  load  as  deter- 
mined above,  and  then  applying  load  in  mudh  smaller  increments  (5')  until  the  knee 
of  the  curve  is  passed.  Pig.  2  (c)  shows  a  diagram  obtained  in  this  manner.  This 
method  involves  a  marked  increase  in  the  number  of  readings  necessary  for  a  test 
and  with  unknown  material  there  is  always  some  danger  that  the  knee  of  the  curve 
will  be  reached  before  the  use  of  small  increments  of  load  is  begun. 

The  following  method  of  choosing  increments  for  a  test  is  suggested:  Estimate 
the  load  corresponding  to  the  knee  of  the  stress-strain  diagram  and  choose  a  value 
for  increment  of  load  about  one-tenth  of  this  value.  Apply  this  increment  of  load 
(5)  once  and  note  the  corresponding  change  of  reading  for  the  extensometer  (e). 
Then  for  the  remainder  of  the  test,  use  for  the  increment  of  extensometer  reading  a 
value  which  corresponds  to  some  convenient  interval  on  the  scale  of  the  extenso- 
meter, and  which  is  approximately  equal  to  (e). 
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strain  or  Unit  Sfrz'in 
Pig.  1.— a  Typical  Streas-Strain  Diagram. 
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Fig.  2.— lUustrat  nfe  Three  Methods  of  Plotting  Stress-Strain  Curves 
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Pig.  3.— Illustrating  Method  II  for  Determining  Elastic  Limit. 
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ElasUc  lAmii.  The  elastic  limit  of  a  material  is  the  greatest  unit 
stress  which  it  can  mthstand  mthout  deformation  which  remains 
upon  release  of  the  load. 

Since  experience  does  not  indicate  any  appreciable  difference  between  the  elastic 
limit  and  the  limit  of  proportionality  of  stress  to  strain  (sometimes  called  the  pro- 
portional limit),  the  detennination  of  the  unit  stress  at  the  limit  of  proportionality 
of  stress  to  strain  is  r^[arded  as  an  accurate  determination  of  the  elastic  limit. 

It  is  obvious  that  the  values  obtained  in  tests  for  determining  the  elastic  limit 
will  depend  on  the  delicacy  of  methods  and  instruments  tised.  It  becomes  necessary, 
therefore,  that  in  any  test  the  method  used  in  obtaining  the  elastic  limit  be  clearly 
stated.  The  following  methods  are  in  conmion  use  for  determining  a  value  desig- 
nated as  the  elastic  limit: 

I.  (For  tension  tests  only).  The  elastic  limit  shaU  be  determined  by  an  extenso- 
meter  reading  to  0.0002  in.  The  extensometer  shall  be  attached  to  the  specimen  at 
the  gage  marks  and  not  to  the  shoulders  of  the  specimen  nor  to  any  part  of  the  test- 
ing machine.  When  the  specimen  is  in  place  and  the  extensometer  attached,  the 
testing  machine  shall  be  operated  so  as  to  increase  the  load  on  the  specimen  at  a 
uniform  rate.  The  observer  shall  watch  the  elongation  of  the  specimen  as  shown 
by  the  extensometer  and  shall  note,  for  this  determination,  the  load  at  which  the  rate 
of  elongation  shows  a  sudden  increase.  The  extensometer  shall  then  be  removed 
from  the  specimen,  and  the  test  continued  to  determine  the  tensile  strength. 

II.  This  method  (prop()6ed  by  the  late  J.  B.  Johnson)  is  a  somewhat  more  deli- 
cate method  for  locating  the  elastic  limit  than  is  Method  I.  In  Method  II,  the  elastic 
limit  shall  be  taken  as  that  unit  stress  at  which  the  rate  of  deformation  is  50  per 
cent  greater  than  the  initial  rate  of  deformation.  A  stress-strain  diagram  is  necessary 
for  determining  the  elastic  limit  by  Method  II.  Fig.  3  illustrates  the  use  of  Method 
II.  The  initial  rate  of  deformation  is  given  by  the  ratio  mn:  Om,  nq  »  0.5  mn, 
m^  i"  1.5  mn,  and  the  slope  of  Ogrispresents  a  rate  of  deformation  50  per  cent  greater 
than  the  initial  rate,  (yq*  is  drawn  parallel  to  Oq  and  tangent  to  the  stress-strain 
diagram.  The  point  of  tangency  /  locates  the  elastic  limit.  In  using  Method  II 
the  same  precautions  should  be  observed  in  attaching  the  extensometer  as  for  the 
detennination  of  the  elastic  Umit  by  Method  I.  Method  II,  if  used  for  tension  tests 
of  metals,  gives  lower  values  for  the  elastic  limit  than  does  Method  I.  It  is  reoom* 
mended  that  in  using  Method  II  for  tension  tests  the  extensometer  be  of  such  sensi- 
tiveness that  it  will  indicate  a  change  of  unit  strain  of  0.0001  in.  per  inch  of  gage 
length  (0.0001  mm.  per  millimeter  of  gage  length)  and  that  a  corresponding  degree 
of  sensitiveness  be  required  for  strain  meters  used  for  compression  tests,  for  flexure 
tests,  and  for  torsion  tests. 

When  it  is  desired  to  determine  the  elastic  limit  with  a  high  degree  of  precision 
it  is  suggested  that  the  experimenter  devise  his  own  procedure,  and  in  reporting  his 
results  describe  the  procedure  in  detail,  including  a  statement  of  the  limits  of  sensi- 
tiveness of  the  apparatus  used,  and  of  the  procedure  used  in  plotting  the  stress- 
strain  diagram  from  which  the  determination  of  elastic  limit  is  made.  It  is  to  be 
remembered  that  the  accurate  determination  of  the  elastic  limit  requires  the  use  of 
accurate  and  sensitive  instruments,  and  the  use  of  accurate  methods  of  plotting 
test  data. 

Yield  Point  is  the  unit  stress  at  which  there  occurs  a  marked 
increase  in  strain  mthout  an  increase  in  stress. 
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Some  metals  do  not  show  a  dearly  defined  3rield  point. ' 

Two  methods  are  in  use  for  determining  the  yield  point:  (I)  The  "drop  of  the 
beam  "  method,  and  (II)  the  method  by  use  of  dividers.  In  Method  I,  load  is  applied 
to  the  specimen  at  a  steady  rate  of  increase  and  the  operator  keeps  the  beam  in  bal- 
ance by  running  out  the  poise  at  a  steady  rate.  At  the  yield  point  the  increase  of 
load  stops,  but  the  operator,  running  out  the  poise  at  a  steady  rate,  runs  it  a  trifle 
beyond  the  balance  position,  and  the  beam  of  the  machine  drops  for  a  brief  but 
appreciable  interval  of  time.  In  a  machine  fitted  with  a  self-indicating  load-measur- 
ing device  there  is  a  sudden  halt  of  the  load-indicating  pointer,  corresponding  to  the 
drop  of  the  beam.  The  load  at  the  "halt"  or  the  "drop"  is  recorded,  and  the  corre- 
sponding unit  stress  is  taken  as  the  3rield  point.  This  method  of  determining  the 
yield  point  requires  only  one  man  to  conduct  a  test. 

In  Method  II  for  determining  the  yield  point  one  observer  keeps  the  beam  of  the 
testing  machine  balanced,  and  another  observer  with  a  pair  of  dividers  watches  for 
visible  elongation  between  two  gage  marks  on  the  specimen.  When  visible  stretch 
is  observed  the  fact  is  at  once  reported  to  the  man  operating  the  beam  of  the  testing 
machine,  the  load  at  that  instant  is  noted,  and  the  unit  stress  corresponding  to  the 
load  is  taken  as  the  yield  point.  When  an  extensometer^  is  used  in  place  of  dividers 
a  deformation  of  0.01  in.  over  a  gage  length  of  2  in.  shaU  be  r^arded  as  indicating 
the  yield  point. 

Tensile  Strength  or  Ukimate  TensUe  Strength  is  the  maximum 
unit  stress  carried  by  a  test  specimen  in  a  tension  test  to  rupture. 

Modulus  of  Elasticity  of  any  material  is  the  ratio,  within  the 
elastic  limit,  of  unit  stress  to  corresponding  unit  strain. 

As  there  are  three  kinds  of  stress,  so  there  are  three  moduli  of  elasticity  for  any 
material:  the  modulus  in  tension,  the  modulus  in  compres^on,  and  the  modulus  in 
shear.  The  value  of  the  modulus  of  elasticity  in  tension  is  nearly  the  same,  for  most 
metals,  as  the  value  of  the  modulus  of  elastidty  in  compression.  The  value  of  the 
modulus  of  elasticity  in  shear  is  smaller  than  the  value  of  the  modulus  of  elasticity 
in  tension.  The  modulus  of  elasticity  is  expressed  in  pounds  per  square  inch  (kilo- 
grams per  square  millimeter). 

>  The  determiiuittofi  of  jUHd  point  with  an  extensooMtw  It  sometimef  mado  in  t«8tf  of  aon* 
fmrouB  metals. 
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SUGGESTED  METHODS  FOR  VERFICATION  OF  TESTING 

MACHINES. 

A   Report  of  Progress  in  the   Revision  op  the   Standard 

Methods  of  Mechanical  Testing  of  Metallic 

Materials  (E  1  - 18). 

I.   definitions. 
1.  (a)  Testing  Machine. — ^A  mechanical  device  for  applying  a  DeHnitioiit. 
load  (force)  to  a  specimen  of  material. 

Usually  the  magnitude  of  the  load  can  be  changed  at  the  will  of  the  operator. 
Many  testing  machines  are  arranged  to  measure  the  load,  but  this  is  not  always  the 
case,  especially  with  impact  machines  and  machines  for  testing  ductility. 

(6)  Error. — ^In  the  case  of  a  testing  machine,  the  value  obtained 
by  subtracting  the  correct  value  of  the  quantity  measured  (usually 
load)  from  the  indicated  value  as  given  by  the  testing  machine. 

(c)  Percentage  of  Error. — ^In  the  case  of  a  testing  machine,  the 
figure  obtained  by  dividing  the  error  by  the  correct  value  of  the 
quantity  measured  and  multipljdng  by  100. 

(i)  Correction. — ^In  the  case  of  a  testing  machine,  the  value 
obtained  by  subtracting  the  indicated  value  of  the  quantity  measured 
from  the  correct  value  of  the  quantity  measured. 

The  correction  is  the  amount  to  be  added  (with  due  r^ard  for  sign)  to  the  indi- 
cated value  to  give  the  correct  value  of  the  quantity  measured.  It  may  be  noted 
that  the  ''error"  and  the  "correction"  for  a  testing  machine  have  equal  numerical 
values,  but  opposite  signs. 

It  is  recommended  that,  except  for  very  special  cases,  no  corrections  be  used 
on  machines  tested  and  found  to  have  errors  within  the  tolerances  given  in  these 
standards. 

{e)  Tolerance. — ^In  the  case  of  a  testing  machine,  the  maximum 
allowable  error  of  the  indicated  value  of  the  quantity  indicated  by 
the  testing  machine. 

It  is  convenient  to  express  tolerance  in  terms  of  percentage  of  error.  The 
numerical  value  of  the  tolerance  for  a  testing  machine  is  so  stated  hereafter  in  these 
standards. 

(/)  Accuracy. — ^A  testing  machine  is  accurate  if  the  indicated 
load  is  mthin  the  specified  tolerance  of  the  actual  load. 

The  word  "accurate"  appHed  to  a  testing  machine  shall  be  used  without  numer- 
ical values.  The  word  "error"  shaU  be  used  with  numerical  values.  For  example: 
"An  accurate  testing  machine  was  used  for  the  investigation";  but  "The  error  of 
the  testing  machine  at  a  load  of  30,000  lb.  was  15  lb.' ' 
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The  accuracy  of  a  testing  machine  should  not  be  oonftised  with  sensUkeness. 
For  example,  a  testing  machine  might  be  very  sensitive — that  is,  it  might  indicate 
quickly  and  definitely  small  changes  in  the  load — but,  nevertheless,  be  very  inac- 
curate. On  the  other  hand,  the  accuracy  of  the  results  is,  in  general,  limited  by  the 
sensitiveness. 

(g)  Loading  Range. — ^In  the  case  of  a  testing  machine,  the  range 
of  indicated  loads  for  which  the  testing  machine  gives  results  within 
the  specified  tolerances.  The  loading  range  shall  not  include  loads 
either  greater  than  the  largest  load  or  less  than  the  smallest  load 
applied  in  verifying  the  testing  machine. 

II.    METHODS  FOR  VERIFYING  TESTING  MACHINES  TH/*T 
MEASURE  LOAD. 

2.  Wherever  practicable,  testing  machines  shall  be  verified  by 
direct  methods,  that  is,  by  appljHbg  standard  weights  directly  to  the 
weighing  mechanism  of  the  testing  machine,  or  by  the  use  of  standard- 
ized proving  levers  in  connection  with  standard  weights.  The  test 
loads  selected  shall  be  applied  in  both  ascending  and  descending 
order,  and  the  indications  for  both  the  ascending  series  and  the  descend- 
ing series  of  loads  shall  be  considered  in  the  application  of  tolerances. 

For  machines  in  which  the  load-indicating  device  is  actuated  by  a  Bourdon 
pressure  tube,  a  hydraulic  (or  steam-engine)  indicator  spring,  or  other  device  depend- 
ing on  the  elastic  properties  of  a  material,  the  tolerances  for  the  descending  load  shall 
be  applied  to  differences  in  the  indication  for  the  corresponding  ascending  and 
descending  readings.  In  such  testing  machines  the  test  for  ascending  load  shall  be 
applied  as  rapidly  as  practicable  after  the  testing  machine  has  remained  tmloaded 
for  at  least  six  hours,  and  the  time  of  appl3ring  the  ascending  series  of  loads  shall 
not  exceed  thirty  minutes.  The  descending  load  test  shall  be  made  after  the  maxi- 
mum test  load  has  remained  on  the  machine  for  one  hour,  and  the  readings  for 
descending  loads  shall  be  taken  as  rapidly  as  possible,  and  in  any  event  the  descend- 
ing load  test  shall  be  completed  within  a  period  of  twenty  minutes. 

3.  For  any  loading  range  the  testing  machine  shall  be  verified 
by  at  least  four  test  loads.  It  is  recommended  that  the  test  loads 
used  be  10,  20,  50,  and  100  per  cent  of  the  maximum  capacity  at 
which  the  testing  machine  is  to  be  used. 

Where  a  large  amount  of  testing  of  small  specimens  is  to  be  done  on  a  large- 
capacity  machine,  it  is  recommended  that  the  verification  outlined  above  be  supple- 
mented by  a  series  of  smaller  test  loads  selected  in  reference  to  the  light  work  to  be 
done  on  the  testing  machine. 

{A)  Method  of  Verification  by  Standard  Weights. 

4.  Standard  metal  weights  of  suitable  design,  finish,  and  adjust- 
ment shall  be  placed  on  the  weighing  platform  of  the  testing  madiine 
or  upon  trays  or  other  supports  suspended  from  the  load-measuring 
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mechanism  in  place  of  the  specimen.  The  weights  shall  be  applied 
in  increments  and  removed  in  the  reverse  order.  They  shall  be 
arranged  symmetrically  with  respect  to  the  weighing  platform,  so 
that  the  center  of  gravity  of  the  load  lies  in  the  vertical  line  through 
the  center  of  the  platform.  It  is  recommended  that  the  total  load  of 
weights  for  any  test  load  be  applied  in  four  equal  increments.  The 
applied  load  and  the  indicated  load  shall  be  recorded  for  each  incre- 
ment of  test  load  applied,  and  the  error  computed  from  these  data. 

The  method  of  verification  by  standard  weights  can  be  used  only  on  vertical 
testing  machines.  The  total  load  is  limited  by  the  size  of  the  platform  and  the 
number  of  weights  available.  Often  twenty  weights  of  50  lb.  each  are  used,  a  total 
of  1000  lb. 

This  method  of  verification  is  seldom  used  for  any  but  small  testing  machines, 
as  the  loading  range  does  not  include  the  loads  for  which  large  machines  are  used. 
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Fig.  1. — Proving  Levers. 
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{S)  Method  of  Verification  by  Standardized  Proving  Levers. 

5.  The  arrangement  of  proving  levers  for  verifying  testing  Description 
machines  is  shown  in  Fig.  1.  The  two  levers  rest  on  supports  on  <>'L«^«'»- 
the  weighing  platform  of  the  testing  machine.  These  supports  shall 
move  easily  in  a  horizontal  direction,  which  insures  that  the  forces 
at  each  of  the  knife  edges  shall  be  very  nearly  vertical.  The  inner 
knife  edges  in  each  lever  bear  against  a  suitable  block  in  the  movable 
head  of  the  testing  machine.  Weight  trays  or  hangers  are  suspended 
from  each  of  the  outer  knife  edges  and  these  trays  or  hangers  are 
loaded  with  standard  weights.  The  mcrement  of  load  put  on  the 
testing  machine  by  the  standard  weights  is  the  amount  of  standard 
weights  multiplied  by  the  lever  ratio  w/fi,  Fig.  1. 
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SpecificAtioiiB  6.  TIic  knife  edges,  as  well  as  their  supports,  shall  be  of  hardened 
of  Levers.  ^^^j  g^^^j  'Phe  knife  edges  shall  be  ground  sharp  with  an  angle  of  90 
deg.  The  load  on  any  knife  edge  shall  not  exceed  7000  lb.  per  linear 
inch.  The  three  knife  edges  in  each  lever  shall  be  parallel,  and  their 
edges  shall  lie  in  a  plane.  Each  lever  shall  have  machined  surfaces 
in*  this  or  in  some  parallel. plane,  upon  which  a  spirit  level  can  be 
placed. 

7.  The  lever  ratio  of  a  proving  lever  shall  be  determined  by  the 
use  of  at  least  three  test  loads;  the  amount  of  weights  used  shall  not 
be  less  than  the  maximum  load  applied  upon  one  of  the  arms  of  a 
lever  in  using  the  levers  to  verify  testing  machines.  The  proving 
lever  shall  be  balanced  over  its  center  knife  edge  with  suitable  weight 
trays  suspended  from  the  end  knife  edges.  Standard  weights  shall 
then  be  applied  to  the  trays  in  three  steps,  corresponding  approx- 
imately to  50,  75,  and  100  per  cent  of  the  weights  available,  and  the 
proving  lever  shall  then  be  brought  to  a  balance  by  the  use  of  small 
weights  and  by  observations  of  the  freely  swinging  proving  lever. 
From  the  weights  in  the  two  weight  trays  the  lever  ratio  shall  be 
computed. 

8.  The  proving  levers  shall  be  placed  S3mametrically  in  the 
testing  machine  to  be  verified  and  both  levers  brought  as  near  a 
horizontal  position  as  is  feasible,  aft^r  appl3ring  each  increment  of 
load,  by  means  of  the  movable  head  of  the  testing  machine.  The 
testing  machine  shall  be  balanced  mth  the  levers  in  place  and  the 
weight  trays  empty.  Standard  weights  shall  be  applied  in  incre- 
ments, half  an  increment  in  each  tray,  and  they  shall  be  removed 
in  the  reverse  order.  The  weights  shall  be  placed  symmetrically  on 
the  weight  trays,  with  the  center  of  gravity  of  the  weights  over  the 
center  of  the  tray.  It  is  recommended  that  the  total  load  of  weights 
for  any  test  load  be  applied  in  four  equal  increments.  The  applied 
load  and  the  indicated  load  shall  be  recorded  for  each  increment  of 
test  load  applied,  and  the  error  computed  from  these  data. 

The  method  of  verification  by  standardized  proving  levers  is  used,  at  the  present 
time,  only  on  vertical  testing  machines.     It  is  often  used  up  to  loads  of  10,000  lb. 


Descriptioii 
of  Compari- 
son Method. 


(C)  Verification  by  Comparison  Method. 

9.  When  the  direct  method  of  verification  of  a  testing  machine 
cannot  be  carried  out  (as  is  the  Case  at  present  with  horizontal  testing 
machines,  for  example),  a  comparison  method  of  verification  shall 
be  used.  In  this  method  the  machine  to  be  verified  is  tested  by 
comparing  its  indications  with  the  corresponding  readings  obtained 
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under  the  same  conditions  by  the  use  of  another  testing  machine, 
especially  tested  and  verified,  as  specified  in  Section  10.  The  method 
of  verification  by  comparison  shall  be  carried  out  by  the  use  of 
a  series  of  companion  spedmens;  half  of  each  series  are  to  be 
tested  in  tension  in  the  machine  to  be  verified,  and  half  are  to  be 
tested  in  tension  in  the  specially  verified  testing  machine  which 
serves  as  a  standard  machine.  The  general  provisions  respecting 
the  application  of  the  test  loads  and  the  loading  range  which  are 
outlined  in  the  direct  method  of  verifying  testing  machines  shall 
apply  to  the  verification  of  testing  machines  by  the  comparison 
method,  so  far  as  is  practicable. 

The  method  of  verificatioii  of  a  testing  machine  by  standard  weights  (Section  4) 
and  the  method  of  verification  by  standardized  proving  levers  (Sections  5  to  8)  are 
both  regarded  as  superior  to  the  method  of  verification  by  the  use  of  companion 
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Pig.  2. — Comparison  Specimen, 
(a)  Method  of  Numbering  Specimens, 
(ft)  Form  of  Test  Specimen. 

specimens.  If  the  results  of  a  verification  test  of  a  testing  machine  by  the  compari- 
son method  fail  to  agree  with  the  results  of  a  verification  by  either  the  standard- 
weight  method  or  the  proving-lever  method,  the  results  of  the  verification  by  the 
comparison  method  shall  be  discarded. 

10.  (a)  A  testing  machine  which  is  to  be  used  as  the  standard  Reqabeaieatt 
for  verifying  other  testing  machines  shall  itself  be  verified  by  a  special  ^tdSaSi' 
test)  in  which  the  verification  is  carried  out  twice.     The  loading  used  for 
range  shall  be  determined  by  the  tolerance  for  new  testing  machines,  J^JIr*^ 
namely,  ^  1  per  cent  (Section  14).    For  the  loading  range  established,  MacbiMt. 
the  differences  in  indications  found  in  the  two  tests  of  the  standard 
machine  shall  not  exceed  0.25  per  cent. 

(6)  In  verifying  testing  machines  by  the  comparison  method, 
corrections  shall  be  applied  to  the  indications  of  the  standard  machine 
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Test 
Specimens. 


Method  of 
Procedure. 


Computation 
of  Error. 


and  these  corrections  shall  be  based  on  the  average  correction  obtained 
in  the  two  tests  used  in  its  verification. 

11.  (a)  For  each  verification  load,  eight  or  more  tension  test 
specimens  shall  be  cut  from  soft  rolled  or  drawn  steel  and  numbered 
consecutively,  as  in  Fig.  2  (a). 

(&)  The  tensile  strength  of  the  steel  shall  be  determined  by  a 
preliminary  test  and  the  specimens  for  the  comparison  test  shall 
have  such  cross-sectional  areas  as  will  give,  approximately,  the  loads 
required.  The  form  of  the  specimen  shall  be  as  shown  in  Fig.  2  (6). 
The  ends  may  be  threaded  to  fit  holders,  but  it  is  recommended  that 
those  specimens  shipped  to  another  laboratory  be  left  with  cylindrical 
ends. 

It  should  be  noted  that  the  A.S.T.M.  standard  tension  test  specimen,  0.5  in. 
diameter  and  2  in.  gage  length,  satisfies  the  requirements  for  a  specimen  for  the  ver- 
ification of  a  testing  machine  by  the  comparison  method.  See  1921  Book  of 
A.S.T.M.  Standards,  p.  35,  Fig.  1. 

12.  (a)  The  specimens  having  odd  numbers  shall  be  tested  in 
the  machine  to  be  verified  and  those  having  even  numbers  in  the 
standard  testing  machine.  The  tensile  strength  only  shall  be  deter- 
mined. 

(b)  The  pulling  speed  of  the  movable  head  of  the  testing  machine 
when  testing  verification  specimens  shall  not  exceed  the  speed  of  the 
movable  head  of  the  testing  machine  for  determining  the  yield  point 
of  the  material  from  which  the  specimens  are  made:^  namely, 


Gage  Length,  in. 

2 

8 


Speed,  in.  per  miattte. 

0.50 

2.00 


with  proportional  intermediate  maximum  speeds  for  gage  lengths 
between  2  and  8  in. 

(c)  When  testing  verification  specimens,  especial  care  shall  be 
taken  to  maintain  the  weighing  beam  of  the  testing  machine  in  equilib- 
rium as  the  tensile  strength  of  the  specimen  is  approached.  It  is 
recommended  that  a  mark  be  placed  at  the  middle  of  the  trig  loop 
and  that  a  pointer  be  placed  on  the  beam  for  verification  tests,  and 
that  the  pointer  be  kept  as  nearly  on  the  mark  as  possible. 

13.  (a)  The  average  strength  (in  pounds)  of  the  odd-numbered 
specimens  shall  be  considered  the  indicated  load  and  the  average 
strength  of  the  even-numbered  specimens  shall  be  considered  the 
applied  load.    The  error  shall  be  computed  from  these  data. 

(b)  If  the  strength  (in  pounds)  of  any  verification  specimen 
varies  more  than  1  per  cent  from  the  mean  of  the  group  with  which 

>  A  speed  of  0.1  in.  per  minute  would  be  ttill  better,  but  wouTd  m«ke  tb«  v«riQc4(tJ<m  process  « 
very  slow  one. 
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it  is  tested,  it3  strength  shall  not  be  used  in  computing  the  error  of 
the  testing  machine.  If  more  than  one  specimen  in  the  odd-numbered 
group  or  one  in  the  even-numbered  group  exceeds  the  allowable 
variation  in  strength,  all  the  specimens  shall  be  discarded  and  another 
set  prepared. 

III.    TOLERANCES  FOR  TESTING  MACHINES  THAT  MEASURE 

LOAD. 

14.  All  testing  machines  that  measure  load  shall  comply  with  Toitrmncti. 
the  following  tolerances:^ 

(a)  New  Machines. — ^The  error  for  loads  in  the  loading  range 
shall  not  exceed  =*=  1.0  per  cent  of  the  indicated  load  for  new 
machines  or  for  those  which  have  had  any  of  the  knife  edges  in  the 
weighing  mechanism  repaired  or  renewed. 

(6)  Used  Machines. — ^The  error  for  loads  in  the  loading  range 
shall  not  exceed  =*=  1.5  per  cent. 

15.  The  indicated  load  of  a  testing  machine  shall  not  be  cor-  Corrections, 
rected  either  by  computation  or  by  the  use  of  a  calibration  diagram 

to  obtain  values  within  the  required  tolerance. 

IV.    TIME  INTERVAL  BETWEEN  VERIFICATIONS. 

16.  It  is  recommended  that  testing  machines,  when  in  constant  Timo 
use,  be  verified  at  intervals  of  six  months,  and  when  used  intermit-  botwlen 
tently  at  intervals  of  two  or  three  years.     Testing  machines  shall,  Voriflcmtions. 
however,  be  verified  inmiediately  after  making  repairs  or  adjust- 
ments of  the  weighing  mechanism,  and  whenever  there  is  reason  to 

doubt  the  accuracy  of  the  results,  without  regard  to  the  time  interval 
since  the  last  verification. 

V.    REPORTS  AND  CERTIFICATES. 

17.  A  clear  and  complete  report  shall  be  prepared  of  each  verifica-  Reports, 
tion  of  a  testing  machine.    This  report  shall  contain  all  data  necessary 

to  verify  the  accuracy  of  the  report,  and  shall  be  filed  for  future 
reference.  This  report  shall  state  clearly  the  method  of  verification 
used. 

18.  A  certificate  giving  the  maker's  serial  number  and  a  brief  Certiiicates. 
description  of  the  testing  machine,  the  maker's  name,  the  date  of 
verification  and  the  loading  range,  shall  be  signed  by  the  person 
responsible  for  the  maintenance  of  the  testing  machine,  and  this 
certificate  shall  be  posted  in  plain  view  of  a  person  operating  the 
testing  machine. 

^  It  it  believed  that  the  tolerances  given  in  this  section  may  be  made  much  smaller  when  more 
perfect  methods  of  verification  become  generally  available;  and  that  the  tolerances  might  well  be 
materially  reduced  if  there  is  available  equipment  for  verifying  testing  machines  by  the  use  of  standard 
weights  (Section  4)  or  by  the  use  of  standardised  proving  levers  (Sections  5  to  8). 
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DISCUSSION 

Mr.  Mr.  G.  F.  Comstock  {^presented  in  written  fomi). — ^There  is  one 

"*  point  in  this  interesting  report  that  I  would  discuss,  and  that  is  the 
detennination  of  the  elastic  limit.  The  first  method  given  on  page  5 19 
seems  hardly  worthy  of  mention  by  this  Society,  as  results  obtained 
in  this  way  could  not  fail  to  be  more  or  less  inaccurate,  and  if  such  a 
method  is  to  be  tolerated,  the  determination  should  be  known  as 
"yield  point"  rather  than  "elastic  limit".  The  "load  at  which  the 
rate  of  elongation  shows  a  sudden  increase"  is  a  quantity  that  could 
hardly  be  more  indefinite,  and  would  have  as  many  different  meanings 
as  there  are  operators  of  testing  machines.  Figures  reported  from 
such  a  procedure  would  have  no  more  value  than  ordinary  yield-point 
determinations. 

The  second  method  is  doubtiess  more  definite,  but  less  accurate 
than  is  necessary.  If  the  limit  of  proportionality  is  what  is  desired, 
why  not  get  as  dose  to  this  limit  as  possible  instead  of  adopting  a 
method  that  is  essentially  in  error?  The  real  point  that  we  want  in 
this  case  is  the  point  of  tangency  of  the  line  representing  the  initial 
rate  of  deformation  with  the  curved  part  of  the  diagram,  or  in  Fig.  3, 
the  point  of  tangency  of  the  line  0»,  instead  of  O'^',  with  the  curve. 
I  cannot  see  any  reason  for  not  making  the  determination  in  this 
theoretically  accurate  way,  nor  any  reason  for  the  use  of  the  lines  Oq 
and  (yq\  Even  if  the  line  On  should  be  somewhat  irregular,  so  that 
its  slope  is  not  absolutely  uniform,  the  slope  of  Oq  and  O^q'  depends 
on  the  exact  choice  of  the  location  of  the  point  fi,  so  that  this  choice 
is  necessary  anjrway,  and  having  made  it,  why  not  use  the  line  On  as 
the  determining  tangent,  and  take  as  the  locus  of  the  elastic  limit  the 
true  limit  of  proportionality,  instead  of  some  point  like  j  which  is  an 
arbitrary  distance  above  the  real  point  desired? 

The  determination  of  the  proportional  limit  by  the  logical  and 
definite  method  that  I  have  outlined  is  entirely  practical,  and  has 
been  used  for  several  years  in  our  laboratory,  in  numerous  tests,  both 
of  steels  and  of  cast  bronzes  of  various  types.  It  would  seem  that 
this  Society  should  describe  and  recommend  only  methods  of  unques- 
tioned accuracy,  and  leave  the  make-shift  methods  like  those  described 
on  page  519  to  the  responsibility  of  individual  operators. 

Mr.  Moore.  Mr.  H.  F.  Moore. — ^The  recognition  by  the  §ub-Committee,  of 

Committee  E-1,  on  Revision  of  Methods  E  1  -  18. of  the  method  of 
determination  of  the  elastic  limit  now  given  in  many  of  the  spedfica- 
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tions  of  the  Society,  and  of  the  method  of  detennination  of  the  elastic  Mr.  Mo«r«. 
limit  proposed  by  the  late  J.  B.  Johnson  has  been  criticized,  and  the 
statement  made  that  the  standard  method  should  be  the  location  of 
the  point  where  the  stress-strain  diagram  first  departs  from  a  straight 
line.  I  wish  to  point  out  that  the  location  of  such  a  point  is  not  a 
definite  matter  until  definite  q>ecifications  are  given  for  sensitiveness 
of  extensometer  used,  sensitiveness  of  testing  machine,  scales  of  plot- 
ting results,  and  increments  used  between  readings  of  loads  or  of 
extensometer. 

The  method  designated  as  Method  I  in  the  report  has  been  in 
successful  use  for  a  number  of  years;  it  was  first  suggested,  I  believe, 
by  Committee  A-1.  The  method  designated  as  Method  11  was  pro- 
posed by  the  late  J.  B.  Johnson  and  has  been  used  successfully  by  a 
number  of  laboratories.  The  speaker  is  not  willing  to  admit  that  the 
mere  location  of  a  point  where  the  e3q)erimenter  has  decided  that  a 
stress-strain  diagram  departs  from  a  straight  line  is  by  any  means  an 
''exact''  location  of  an  elastic  limit.  By  the  use  of  more  delicate 
methods  or  by  more  precise  plotting  the  ''true"  elastic  limit  may 
usually  be  found  at  still  lower  stresses,  and  hence  it  is  never  certain 
that  any  method  does  not  merit  the  criticism  that  it  determines  "some 
point.  .  .which  is  an  arbitrary  distance  above  the  real  point  desired". 

The  sub-committee  has  seen  no  other  methods  other  than  Method 
I  and  Method  II  which  could  readily  be  reduced  to  a  standardized 
form ;  it  therefore  recommended  that  experimenters  who  wish  a  method 
more  delicate  than  either  Method  I  or  Method  II  devise  their  own  | 

methods  and  state  them  in  detail  in  their  test  reports. 

The  speaker  feels  that  there  is  no  conclusive  evidence  of  the 
existance  of  any  "absolute"  elastic  limit  for  any  material  in  actual  I 

use,  and  that  it  is  necessary  to  recognize  that  there  are  arbitrary  i 

factors  in  the  determination  of  the  elastic  limit  by  any  method.  ' 

Mr.  Sam  Tour. — ^In  the  Report  of  Committee  E-1,  on  Methods  Mr.  Tour, 
for  Verification  of  Testing  Machines,  Section  II  (C),  Verification  by 
Comparison  Method,  the  use  of  eight  or  more  specimens  is  called 
for  to  be  cut  from  soft  rolled  or  drawn  steel. 

It  is  stated  that  the  specimens  shall  be  of  such  cross-sectional 
area  as  will  give  approximately  the  loads  required.     In  the  note  \ 

however,  it  is  intimated  that  all  of  the  q)ecimens  should  be  of  the 
same  diameter  and  should  be  the  standard  ^-in.  bar.  The  result 
would  be  a  checking  of  the  tensile  machine  at  only  one  point.  The 
general  practice  in  using  this  method  has  been  to  make  up  eight 
specimens  of  each  of  two  different  steels  of  different  strengths,  thereby 
checking  the  machine  at  two  points. 
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Mr.  Totir.  Referring  to  the  various  suggested  methods  of  calibration  the 

conunittee  has  eliminated,  for  the  time  being  I  presume,  the  method 
by  the  use  of  a  calibration  bar.  This  is  the  oldmethod  in  the  A.S.T.M. 
standards.  Also,  the  committee  does  not  consider  the  calibration  box 
methods.  There  are  various  calibration  boxes  now  on  the  market 
that  work  on  the  same  principle  as  the  calibration  bar  and^  I  imder- 
stand,  they  function  very  satisfactorily. 

In  giving  several  methods  of  verification  the  committee  should, 
it  is  believed,  give  their  order  of  preference.  As  the  report  reads 
now  one  would  assume  that  next  to  verification  by  standard  weights, 
verification  by  the  comparison  method  is  preferred.  In  connection 
with  verification  by  the  comparison  method  the  committee  should 
carefuUy  consider  its  requirements  as  to  uniformity  of  strength. 
Assuming  an  average  strength  of  say  50,000  lb.  per  sq.  in.,  it  would 
be  rather  difficult  to  get  eight  specimens  to  give  results  between  49,500 
and  50,500  lb.  per  sq.  in.  This  brings  up  the  question  as  to  whether 
or  not  the  comparison  method  is  sufficiently  accurate  for  use  in  veri- 
fication tests  where  the  accuracy  requirements  are  so  severe. 

I  would  also  like  to  call  attention  to  the  fact  that  Section  III 
states  that  the  indicated  load  of  a  testing  machine  shall  not  be  cor- 
rected either  by  computation  or  by  the  use  of  a  calibration  diagram. 
This  seems  to  be  a  rather  severe  requirement  and  one  which  should 
bring  forth  considerable  comment. 

Attention  is  also  called  to  the  fact  that  no  mention  has  been  made 
of  "sensitivity"  of  the  machine. 
Mr.  Moon.  Mr.  Moore. — ^Mr.  Tour  is  quite  right  in  supposing  that  the  cali- 
bration bar  method  of  verifying  testing  machines  and  the  calibration 
box  method  were  put  aside  temporarily  because  the  sub-committee 
was  not  prepared  to  recommend  such  methods  in  detail.  In  this  con- 
nection a  recent  communication  from  a  prominent  British  laboratory 
states  that  it  has  been  their  experience  that  there  is  little  to  choose  as 
to  accuracy  between  the  companion  bar  method  of  verification  and 
the  calibrating  bar  method. 

The  tolerances  allowed  are  given  in  terms  of  percentage  of  the 
indicated  load  on  the  machine.  The  term  "loading  range"  has  been 
suggested  as  a  term  found  convenient  in  the  verification  of  weighing 
scales.  The  use  of  the  term  "loading  range"  can  best  be  illustrated  by 
reference  to  an  actual  verification  test.  The  following  are  the  results 
of  such. a  test  recently  carried  out  on  a  new  100,000-lb.  machine  in 
the  laboratories  of  the  University  of  Illinois: 
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Load.  »«/■•    5^,^,^  Rbcaucs. 


2  000 +30  0. 0150  Beyond  tolerance 

4  000 +30  0. 0075  Within  tolerance 

10000 +40  0.0040             " 

20000 +60  0.0030             " 

40000 +190  0.0047             "            " 

60000 -200  0.0030             "            " 

80000 -300  0.0037             " 

100000 -460  0.0046             "            " 

The  loading  range  of  this  testing  machine  would  be  from  4000  lb. 
to  100,000  lb. 

Mr.  Comstock  (fry  letter). — Mr.  Moore's  reply  to  my  previous  Mr. 
discussion  of  this  report  on  the  subject  of  determination  of  elastic 
limit  successfully  defends  the  Johnson  method  (or  Method  II  of  the 
report)  for  determining  the  elastic  limit,  provided  we  assmne  that  the 
stress-strain  diagram  has  the  form  of  a  smooth  curve.  Actually,  how- 
ever, the  original  data  obtained  from  the  instruments  are  merely  a 
series  of  points,  between  which  we  have  no  right  to  draw  anything 
but  straight  lines.  The  method  which  I  proposed  for  the  determina- 
tion is  well  adapted  to  this  condition,  for  the  elastic  limit  is  then 
taken  as  the  stress  designated  by  the  highest  point  of  the  series,  above 
which  all  the  points  lie  off  the  line  of  original  slope  of  the  diagram,  by 
increasing  distances  in  the  same  direction.  In  practice  this  works 
out  as  a  definite  and  logical  method,  dependent  of  course  for  its  accur- 
acy on  the  accuracy  of  the  instruments  used  and  the  care  and  skill 
applied  in  their  operation;  but  the  theoretical  objection  mentioned 
by  Mr.  Moore  is  imimportant  practically,  if  the  data  are  recognized 
as  a  series  of  points  rather  than  a  curve.  On  the  other  hand,  the 
Johnson  method  can  always  be  shown,  when  the  points  are  plotted 
on  a  sufficiently  open  scale,  to  give  results  that  are  too  high. 

An  illustration  from  our  laboratory  test  records  may  make  my 
comparison  of  these  two  methods  more  clear.  The  accompanying 
diagram  (Fig.  1)  represents  a  test  of  an  annealed  sample  of  cast 
steel,  whose  tensile  properties  were  reported  as  follows: 

Proportional  limit 24  000  lb.  per  sq.  in. 

Yield  point 34  900"     "    "    " 

Tensile  strength 64  400  "     "    "    " 

Elongation  in  2  in 29. 5  per  cent 

Reduction  of  area 36.8       " 

The  points  from  0  to  i4,  £,  C,  D,  etc.,  were  plotted  from  readings 
of  a  fairly  delicate  eztensometer,  attached  to  two  opposite  sides  of  the 
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Comttock. 


test  specimen;  and  these  points  are  connected  by  straight  lines.  The 
strai^t  line  ON  is  also  drawn  to  represent  the  average  slope  of  the 
lower  portion  of  the  stress-deformation  "curve",  and  the  lines  OQ  and 
O'Q'  both  have  a  slope  1.5  times  as  great  as  that  of  ON.  The  elastic 
limit  by  the  Johnson  method  would  be  somewhere  between  B  and  C, 
or  from  26,000  to  28,000  lb.  per  sq.  in.,  the  exact  point  being  inde- 
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Fig.  1. — Stress-Deformation  Diagram  of  Tension  Test  on  Annealed  Cast  Steel, 

terminate.  By  the  logical  method  that  I  have  used,  the  limit  of  pro- 
portionality is  very  clearly  located  at  i4,  or  23,100  lb.  per  sq.  in.,  but 
owing  to  the  roughness  of  this  particular  test,  as  indicated  by  the 
distance  between  the  determined  points  A  and  By  it  seemed  more 
reasonable  to  report  it  as  24,000  since  it  is  known  to  be  above  23,000, 
and  might  be  even  near  25,000^1b.  per  sq.  in.    It  is  evident,  however, 
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that  this  point  is  actually  below  B  or  C,  where  it  would  be  located  by  Mr. 
the  Johnson  metliod.  Instances  have  occurred  in  our  work  where  ^®'^*^*^* 
more  than  two  points  between  B  and  D  for  instance  fell  on  the  line 
CyQ'y  and  in  such  cases  the  Johnson  method  would  be  of  almost  no 
value.  But  some  point  like  A  can  alwajrs  be  foimd,  where  the  series 
of  determined  points  departs  finally  from  the  straight  line,  and  this 
surely  is  by  definition  the  proportional  limit. 

No  claim  of  great  accuracy  can  be  made  for  our  work  as  illustrated 
by  this  diagram,  and  it  is  admitted  that  some  of  the  lower  points  of 
the  series  are  probably  incorrect,  and  that  the  increment  between 
points  is  too  great.  This  is  a  test  made  under  commercial  laboratory 
conditions,  with  reasonable  speed,  and  only  a  fairly  sensitive  instru- 
ment. The  point  I  wish  to  emphasize  is  that  with  any  given  series  of 
determined  points  a  procedure  can  be  followed  which  will  give  results 
closer  to  the  truth  than  the  Johnson  method.  Since  the  method  which 
is  to  be  called  standard  should  give  the  most  accurate  results  possible 
with  the  instruments  at  hand,  the  Johnson  method  should  not  be 
advocated  by  this  Society  as  a  standard  method.  It  is  very  fitting 
for  Committee  E-1  to  q>ecify  how  sensitive  the  instruments  should  be 
for  a  proper  determination  of  this  kind,  and  how  far  apart  the  readings 
should  be  taken,  and  it  would  also  be  of  value  for  it  to  state  how  great 
a  deviation  from  a  straight  line  would  be  permitted  for  points  below 
the  elastic  limit  without  considering  a  test  unreliable  on  account  of 
irregularities  in  manipulation. 

I  trust  that  the  above  will  prove  of  sufficient  interest  to  be  con- 
sidered by  Committee  E-1  in  revising  its  Suggested  Definitions  Relat- 
ing to  Methods  of  Testing. 

Mr.  Moore  (Closure  by  letter) . — ^In  connection  with  Mr.  Com-  Mr.  Moore, 
stock's  proposed  method  for  determining  the  elastic  limit,  the  speaker 
is  not  at  all  willing  to  agree  to  the  statement  that  ''the  original  data 
obtained  from  the  instruments  are  merely  a  series  of  points,  between 
which  we  have  no  right  to  draw  anything  but  straight  lines."  An 
assxunption  of  continuity  of  action  is  certainly  no  less  logical  than  the 
assumption  of  an  action  represented  by  a  series  of  discontinuous 
straight  lines.  It  will  be  noted  that  Mr.  Comstock  in  the  diagram 
submitted  determines  the  limit  of  proportionality  at  23,100  lb.  per 
sq.  in.,  and  then  states  that  owing  to  the  roughness  of  this  particular 
test  it  seemed  more  reasonable  to  report  it  at  24,000  lb.  per  sq.  in. 
That  is,  Mr.  Comstock  has  not  proposed  a  standardized  method  for 
determining  the  elastic  limit,  but  one  which  involves  individual 
interpretation  by  the  investigator.  Such  determinations,  when  found 
desirable,  are  covered  by  the  special  third  method  in  the  i;eport  of  the 
sub-committee. 
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REPORT  OF  COMMITTEE  E-5 
ON 
STANDING  COMMITTEES. 

Committee  E-5  presents  the  following  report  of  its  activities 
during  the  past  year: 

The  committee  received  from  Committee  E-1  on  Methods  of 
Testing  a  proposed  addition  to  the  Regulations  Governing  the  Form 
but  not  the  Substance  of  Standards^  consisting  of  requirements  to 
govern  the  form  of  methods  of  test  as  distinguished  from  specifications. 
The  recommendations  of  Committee  E-1  were  based  upon  an  extensive 
study  of  the  existing  methods  of  test  of  the  Society,  in  the  course  of 
whidi  it  was  seen  that  certain  sections  of  the  present  Regulations 
Governing  Form  could  hardly  be  applied  to  methods  of  test  as  they 
were  obviously  designed  to  apply  to  specifications. 

Committee  E-5  has  carefully  reviewed  and  approved  these  recom- 
mendations, and  has  accordingly  made  the  following  revisions  in  the 
Regulations  Governing  the  Form  but  not  the  Substance  of  Standards, 
which  are  subject  to  annual  review  and  revision  by  Committee  E-5 : 

1.  Sections  7  to  14  of  the  Regulations,  which  are  now  grouped 
under  the  title  "Form  and  Sequence  of  Sub-Titles"  have  been  suit- 
ably modified  to  apply  only  to  specifications. 

2.  A  new  division  on  "Form  and  Sequence  of  Sub-Titles  in 
Methods  of  Test"  has  been  added,  consisting  of  ten  new  sections 
especially  applicable  to  the  form  and  arrangement  of  methods  of  test. 

As  an  aid  to  the  standing  committees  in  preparing  new  methods 
of  test  this  year,  revised  copies  of  the  Regulations  Governing  the  Form 
but  not  the  Substance  of  Standards  were  prepared  and  distributed  to 
the  oJEcers  of  committees.  The  revised  Regulations  will  appear  in 
the  current  Year  Book. 

The  letter  ballot  vote  of  the  committee  on  the  revisions  of  the 
Regulations  Governing  Form  was  as  follows:  35  aj£rmative,  none 
negative,  2  refrained  from  voting. 

Committee  E-1  also  recommended  jointly  to  the  Executive 
Committee  and  Committee  E-5  that  the  term  "Standard  Test"  be 

&  1920  Year  Book,  p.  230. 
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eliminated  from  our  nomenclature.  There  has  always  been  some  con- 
fusion and  misunderstanding  on  the  part  of  the  standing  committees 
as  to  distinction  between  "standard  tests"  and  "standard  methods." 
The  recommendation  of  Committee  E-1  was  to  enlarge  the  scope  of 
the  term  "Standard  Methods"  so  as  to  include  methods  of  testing, 
analysis,  sampling  and  similar  operations,  and  to  eliminate  the  use  of 
the  term  "Standard  Test"  This  recommendation  was  approved 
jointly  by  the  Executive  Committee  and  Committee  E-5.  Revisions 
that  are  being  made  in  the  Regulations  Governing  Standing  Com- 
mittees are  being  announced  in  the  annual  report  of  the  Executive 
Committee. 

The  letter  ballot  vote  of  the  committee  on  the  revisions  of  the 
Regulations  Governing  Standing  Committees  was  as  follows:  35 
affirmative,  none  negative,  2  refrained  from  voting. 

This  report  has  been  submitted  to  letter  ballot  vote  of  the  com- 
mittee whidi  consists  of  37  members,  of  whom  32  have  voted  affirm- 
atively, none  negatively,  and  5  have  refrained  from  voting. 

Respectfully  submitted  on  behalf  of  the  committee, 

C.  L.  Warwick, 
Ckainnan. 
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REPORT  OF  COMMITTEE  E-e 

ON 
PAPERS  AND  PUBLICATIONS. 

Since  the  last  annual  meeting,  Committee  E-6  on  Papers  and 
Publications  has  held  two  meetings,  December  1,  1921,  and  March  8, 
1922.  In  addition  to  its  usual  fimction  of  arranging  the  program  of 
the  annual  meeting,  it  has  acted  in  an  advisory  capacity  to  the  Execu- 
tive Committee  in  several  matters  relating  to  publication  policy, 
notably  the  plan  of  distributing  preprints  of  reports  and  papers. 
These  matters  are  fully  covered  in  the  annual  report  of  the  Executive 
Committee. 

Last  year  the  Proceedings  were  boimd  in  one  volume  as  a  measure 
of  economy,  thus  departing  from  the  usual  practice  of  binding  commit- 
tee reports  and  tentative  standards  in  one  volume  and  technical  papers 
and  discussions  in  a  second.  The  volume  thus  obtained  was  about  as 
large  as' could  conveniently  be  boimd  in  one  cover,  and  in  view  of  the 
greatly  increased  amount  of  printed  matter  for  this  year  the  com- 
mittee will  return  to  the  plan  of  issuing  the  Proceedings  in  two  volumes. 

The  Executive  Committee  has  directed  the  Committee  on  Papers 
and  Publications  to  proceed  with  the  publication  of  an  Index  of  the 
Proceedings,  Vols.  XIII  to  XX  (1913-1920)  and  the  committee  will 
endeavor  to  issue  this  publication  before  the  close  of  the  year. 

The  committee  has  given  a  great  deal  of  thought  to  the  program 
for  this  annual  meeting.  It  was  decided  in  so  far  as  possible  to  empha- 
size the  technical  papers  and  to  arrange  for  discussion  of  important 
topics  of  timely  interest.  The  committee  has  arranged  what  it  believes 
is  a  well-balanced  program,  which  includes  discussions  of  such  topics 
as  Corrosion,  Foundry  Pig  Iron,  Steel  Castings,  Impact  Testing  of 
Materials,  Fatigue  of  Metals,  Specifications  for  Coal  and  Inspection 
of  Concrete  and  Reinforced  Concrete  Work.  Certain  of  the  papers 
on  these  topics  were  solicited  by  the  committee,  notably  the  papers 
that  make  up  the  discussion  on  Impact  Testing.  An  entire  session 
has  been  devoted  to  this  discussion  in  the  form  of  a  symposium,  which 
has  been  arranged  with  the  helpful  cooperation  of  Committee  E-1 
on  Methods  of  Testing. 

A  wealth  of  material  for  the  meeting  was  available  to  the  com- 
mittee through  the  offer  of  papers  by  many  of  our  members.  In  fact 
so  many  offers  and  suggestions  were  received  that  it  was  impossible 
to  accept  more  than  about  one-half  of  them.  Other  offers  were 
received  too  late  for  consideration  by  the  committee. 
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The  committee  has  felt  that  this  situation,  while  clearly  indicative 
of  a  very  healthy  condition  in  the  Society,  merits  some  consideration 
because  of  the  increasing  difficulty  of  providing  for  our  ever  increasing 
number  and  volume  of  committee  reports  and  technical  papers  at  the 
same  sessions,  which,  together  with  space  limitations  in  the  Proceed- 
ings, has  compelled  the  committee  for  several  years  past  to  reject  some 
papers  of  value.  Committee  reports  and  papers  are  being  presented 
at  our  annual  meetings  under  increasing  pressure  as  to  time,  frequently 
with  little  opportunity  for  discussion,  so  that  the  committee  feels  that 
the  annual  meetings  are  losing  to  some  extent  the  interest  that  has 
characterized  them  in  past  years.  Moreover,  the  rapidly  increasing 
number  of  interests  of  the  society  are  yearly  adding  to  the  difficulties. 
The  committee  therefore  presented  a  formal  resolution  to  the  Execu- 
tive Committee  requesting  that  as  an  immediate  solution  considera- 
tion be  given  to  the  plan  of  holding  simultaneous  sessions  during 
the  annual  meeting,  thus  giving  opportunity  for  enlarging  the  program 
without  extending  the  meeting  beyond  the  period  of  four  days,  which 
is  considered  the  maximum  desirable;  and  tiiat  in  the  study  of  a  more 
permanent  solution,  consideration  be  given  to  the  desirability  of 
holding  annually  two  meetings  of  the  Society,  one  as  usual  in  June  for 
the  consideration  of  standards  and  tentative  standards,  and  a  mid- 
winter meeting  which  could  be  a  technical  session  for  consideration 
of  papers  on  testing  and  research.  While  the  committee  is  not  pre- 
pared to  advocate  this  plan  as  the  best  solution,  it  merits  the  study 
that  the  Executive  Committee  is  planning  to  give  it. 

In  the  meantime,  the  situation  in  so  far  as  this  annual  meeting 
is  concerned  has  been  materially  helped  by  the  arrangement  of  simul- 
taneous sessions  on  Thursday  night  and  Friday  morning,  care  having 
been  taken  to  arrange  these  sessions  so  as  to  bring  about  as  little 
conflict  as  possible. 

Another  change  instituted  this  year  is  the  adoption  of  a  much 
improved  form  of  the  program,  whidi  has  enabled  the  committee  to 
give  brief  synopses  of  reports  and  papers  that  it  is  believed  will  add 
greatly  to  the  value  of  the  program.  The  policy  has  also  been  adopted 
of  printing  on  each  paper  the  title  and  business  connection  of  the 
author. 

The  program  contains  reports  from  35  of  the  Society's  40  standing 
committees.  The  annual  report  of  the  Executive  Committee  and 
reports  from  three  joint  committees  bring  the  total  to  39.  Due  to 
delays  in  the  receipt  of  manuscripts  of  certain  conmiittee  reports,  the 
committee  did  not  find  it  possible  to  distribute  all  reports  four  weeks 
in  advance  of  the  meeting.     The  distribution  of  reports  containing 
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recommendations  as  to  standards  was  completed  about  ten  days  in 
advance  of  the  meeting.  The  program  contains  37  papers,  making  the 
total  number  of  items  76,  which  is  approximately  twenty  per  cent 
greater  than  for  the  previous  meeting. 

The  total  number  of  pages  preprinted  this  year,  representing  35 
of  the  39  reports  and  34  of  the  37  pai)ers,  is  1225,  compared  with 
848  pages  for  1921.  The  accompanying  table  gives  comparative 
data  for  preprints  since  the  inauguration  of  the  present  policy  in  1913: 

Comparative  Data  for  Preprints. 


Preprints. 

OnPlDpan 
tratDOt 

Year. 

DiBtribuUNl 
in  Advmnoe. 

Not  Diilributed 

in  Advanee. 

pases. 

Total, 
pases. 

Preprintad. 

1913     ...             

461 

668 
801 
846 
978 
600 
646 
647 
&81 
876 

238 
260 
76 
91 
100 
180 
227 
314 
267 
340 

600 
028 
067 
037 

1078 
870 
873 
061 
848 

1226 

81 

1914 

11 

1915 

0 

1916 

0 

1917 

0 

1918 

10 

1919 

114 

1920 

0 

1921«* 

00 

1922* 

55  (art.) 

a  A  printers'  strike  in  1021  seriously  disrupted  the  printing  schedule,  making  it  impossible  to  distrifaute  th«  noriul 
proportion  of  papers  and  reports  in  advance. 

*  The  siie  of  tgrpe  page  was  increased  in  1021  from  4  by  6)  in.  to  4 1  by  7  in.,  inereasins  the  amount  of  priatad 
matter  oo  a  page  by  an  average  of  8  per  cent. 

This  report  has  been  submitted  to  letter  ballot  vote  of  the  com- 
mittee which  consists  of  ten  members,  of  whom  8  have  voted  affirma- 
tively, none  negatively,  and  2  have  refrained  from  voting. 

Respectfully  submitted  on  behalf  of  the  committee, 

C.  L.  Warwick, 

Ckainnan. 
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ON 
NOMENCLATURE  AND  DEFINITIONS.  • 

In  its  last  annual  report  Committee  E-8  on  Nomenclature  and 
Definitions  reviewed  briefly  the  history  of  the  preparation  of  defini- 
tions in  the  Society  and  outlined  the  steps  which  led  to  the  organiza- 
tion of  the  committee.  It  was  explained  that  the  committee  had 
recommended  to  the  Executive  Committee  that  an  Advisory  Com- 
mittee consisting  of  seven  "members-at-large"  appointed  by  the 
Executive  Committee  be  created  in  order  to  concentrate  the  executive 
direction  of  the  committee's  work,  and  that  the  standing  committees 
should  continue  to  be  represented  on  Committee  E-8  by  one  or  two 
"representative  members."  This  recommendation  was  approved  by 
the  Executive  Committee  and  the  following  "members-at-large" 
appointed  to  constitute  the  Advisory  Committee: 

Cloyd  M.  Chapman,  Chairman. 
G.  W.  Thompson,  Vice-Chairman. 
C.  L.  Warwici,  Ex-Officio  Secretary. 

F.  M.  Farmer  H.  P.  Tiemann 

K.  G.  Mackenzie  L.  B.  Tuckerman 

R.  C.  Purdy 

The  Executive  Committee  also  approved  the  Rules  Governing 
Committee  E-8  on  Nomenclature  and  Definitions,  prepared  and 
adopted  by  the  committee  to  govern  the  details  of  its  procedure,  and 
these,  with  the  Regulations  Governing  Nomenclature  and  Definitions, 
will  be  printed  in  the  current  Year  Book. 

The  Advisory  Committee  met  for  organization  October  19,  1921. 
The  regular  November  meeting  of  the  main  committee  was  cancelled 
and  meetings  of  the  Advisory  Committee  and  of  the  main  com- 
mittee were  held  February  10,  1922.  The  Ad\asory  Conmiittee  and 
the  main  committee  will  meet  again  during  the  present  annual  meeting. 

As  its  first  task,  the  committee  has  undertaken  the  classification 
and  review  of  all  tentative  definitions  now  before  the  Society  with  the 
view  of  passing  upon  them  before  their  ultimate  advancement  to  the 
status  of  standard.  The  procedure  to  be  followed  in  this  work  was 
carefully   considerecj   by   the   Advisory   Committee   at   its   October 
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meeting,  at  which  an  Editorial  Committee  of  three  was  appointed, 
charged  with  the  following  duties: 

(a)  To  analyze,  review  and  classify  all  definitions  now  on  the 
records  of  the  Society  and  such  as  may  be  prepared  from  time  to  time; 

(J)  To  report  to  the  Advisory  Committee  their  recommendations 
regarding  classification  of  terms: 

(c)  To  consider  at  once  all  of  the  tentative  definitions  now  before 
the  Society  and  to  make  recommendations  as  to  how  these  definitions 
shall  be  disposed  of  by  ConMnittee  E-8. 

The  committee  was  given  authority  to  communicate  with  the 
several  standing  committees  responsible  for  definitions  of  terms, 
suggesting  changes  to  be  made  in  the  form  of  definitions. 

The  members  of  the  Editorial  Conmiittee  are  G.  W.  Thompson, 
H.  P.  Tiemann  and  C.  L.  Warwick,  chairman.  The  committee  met 
December  9,  1921,  and  proceeded  at  once  with  the  consideration  of 
tentative  definitions,  deferring  any  consideration  for  the  present  of 
definitions  that  are  now  standard.  The  committee  outlined  a  sug- 
gested procedure  for  the  consideration  of  definitions,  reviewed  in  detail 
a  majority  of  the  tentative  definitions,  and  presented  a  comprehensive 
report  at  the  February  meeting  of  the  Advisory  Committee.  With 
certain  modifications  made  by  the  Advisory  Committee,  the  report 
was  submitted  at  the  February  meeting  of  the  main  committee  and 
adopted. 

Committee  E-8  therefore  reports  to  the  Society  the  following 
procedures  that  have  been  adopted  for  carrying  on  its  work,  and  also 
reports  below  substantial  progress  in  the  consideration  of  the  tenta- 
tive definitions  of  the  Society. 

Procedure  in  Considering  Definitions  of  Terms. — ^The  following 
procedure  will  in  general  be  followed  in  the  consideration  of  definitions 
of  terms: 

1.  All  definitions  of  terms  that  are  submitted  by  standing  com- 
mittees as  "definitions"  may  be  considered  as  being  officially  before 
Committee  E-8  for  consideration,  inasmuch  as  no  tentative  definitions 
may  be  advanced  to  standard  without  action  by  Conunittee  E-8. 

2.  The  remaining  terms,  concerning  which  there  is  doubt  as  to 
the  intention  of  the  standing  committees  to  have  them  construed  as 
"definitions,"  should  be  reviewed  by  the  Editorial  Conmiittee.  If 
they  are  clearly  not  definitions  and  there  is  no  desirability  of  having 
definitions  formulated  for  the  terms  (which  can  be  ascertained  by 
communication  with  the  committees  concerned),  they  may  be  dropped 
frcwn  further  consideration.  Those  that  appear  to  be  definitions 
should  be  referred  to  the  standing  committee  responsible  for  them  fer 
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advice  as  to  whether  the  standing  committee  considers  them  to  be 
definitions;  if  so  they  are  subject  to  consideration  by  Conmiittee  E-8. 

3.  If  certain  terms  are  referred  to  but  are  not  clearly  defined,  the 
standing  committee  may  be  asked  if  it  is  desirable  to  prepare  suitable 
defim'tions  for  these  terms. 

4.  Definitions  of  terms  clearly  established  as  such  in  accordance 
with  the  above  procedure  shall  be  classified  by  the  Editorial  Com- 
mittee with  reference,  for  the  present,  simply  to  the  interest  of  the 
Society's  committees  in  the  terms  and  the  definitions  thereof  under 
consideration.    This  classification  shall  divide  terms  into: 

(1)  Those  that  apply  only  to  one  committee.; 

(2)  Those  that  apply  to  a  limited  number  of  conunittees;   and 

(3)  Those  that  are  of  general  application,  and  hence  are  probably 

of  interest  to  a  considerable  number  of  conmiittees. 

The  Editorial  Committee  will  make  this  classification: 

First,  With  resi)ect  to  the  definition  of  the  term  as  submitted 

to  Committee  E-8; 
Second,  With  respect  to  the  term  itself  (irrespective  of  the 

manner  in  which  it  is  defined)  and  in  an  absolute  way; 

and 
Third,  With  respect  to  the  term  itself,  having  re^rd  to  the 

classification  that  seems  desirable  from  the  viewpoint 

of  the  Society's  work  in  nomenclature  and  definitions. 

lUustratidn, — ^The  classification  1-3-2  designates  a  term  the  definition  of 
which,  as  prepared  by  the  standing  committee,  is  of  interest  only  to  that  com- 
mittee; the  term  itself  is  of  general  application;  but  it  is  of  such  a  nature  that  for 
practical  purposes  in  the  Society's  work,  only  a  limited  number  of  the  Society's 
committees  need  consider  defining  the  term. 

5.  Suggestions  ol  the  Editorial  Conmiittee  regarding  definitions 
of  terms  shall  be  transmitted  to  the  standing  conmuttee  or  conunittees 
concerned,  and  to  the  appropriate  sub-committees  of  Committee  E-8 
appointed  in  accordance  with  Article  V,  Section  1 ,  of  the  Rules  Gpvem- 
iiig  Conmaittee  E-8,  which  provide  for  the  subsequent  procedure. 

RecommendaUon  to  Standing  Committees, — Committee  E-8  recom- 
mends to  the  standing  committees  that  in  submitting  definitions  each 
standing  committee  submit  for  the  assistance  of  Committee  E-8  the 
data  on  which  each  definition  is  based  and  such  other  existing  defini- 
tions for  the  same  term  as  should  be  considered  in  conjunction  there- 
with. Each  standing  committee  should  also  explain  the  need  of 
such  a  definition  being  prepared  and  adopted  by  the  Society.     This 
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will  very  much  expedite  the  consideration  of  definitions  by  Com- 
mittee E-8. 

Form  of  Definitions, — The  committee  has  adopted  for  its  guidance 
in  the  editing  of  definitions  certain  forms  which  it  recommends  shall 
be  observed  by  the  standing  committees  in  the  preparation  of 
definitions. 

1.  Omit  repetition  of  term  defined  as  a  noun  and  use  of  verb: 
Thus, 

'^Ash. — Inorganic  residue  remaiiung " 

not 

^*Ash, — {Ash  is)  inorganic  residue  remaining " 

2.  Where  definitions  are  clearly  intended  to  be  of  limited  applica- 
tion, indicate  that  fact  clearly  in  the  definition.  A  definition  should 
always  be  so  worded  that  if  it  is  quoted  or  otherwise  used  away 
from  the  immediate  context,  any  limitations  originally  intended  will 
be  made  evident :  Thus, 

*'  Thickness, — In  the  case  of  hollow  tiUy  that  dimension  designed  to  lie  at  right 
angles  to  the  face  of  the  wall,  floor,  or  other  member  in  which  it  is  used." 

3.  Use  the  present  tense  rather  than  the  future  tense  in  expressing 
properties  or  attributes:  Thus, 

*' Accelerator. — any  material  which  substantially  hastens  set." 

not 

"Accelerator. — any  material  which  (loill)  substantially  hasten  set." 

The  Editorial  Committee  also  suggests  the  advantage  at  certain 
times  of  giving  synonyms  and  antonyms  in  connection  with  definitions: 
Thus, 

** Accelerator. — any  material  which  substantially  hastens  set.     The  same 

as ;  the  opposite  of " 

Report  on  Tentative  Definitions. 

Among  the  tentative  standards  of  the  Society,  the  committee 
found  133  terms  for  which  definitions  had  been  or  seemed  to  have  been 
prepared.  The  majority  of  these  terms  were  published  by  the  several 
standing  committees  under  the  title  "Definitions  of  Terms";  other 
terms  were  defined  in  tentative  specifications  and  methods;  and  there 
was  a  third  class  of  terms  concerning  which  there  was  some  reasonable 
doubt  as  to  whether  the  standing  committees  responsible  for  the  ten- 
tative standards  had  really  intended  the  particular  wordings  to  be 
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considered  as  definitions.  Consultation  with  the  appropriate  standing 
committees  established  the  fact  that  13  of  these  terms  were  not 
intended  to  be  defined.  These  terms  are  as  follows,  the  serial  designa- 
tion of  the  tentative  standards  in  which  they  appear  being  given  in 
parentheses: 

Committee  D'2  on  Petroleum  Products  and  Lubricants: 

Pour  Point  (D  97) 


Bdling  Point  (D  86) 
Qoud  Point  (DD7) 
Distillation  Loss  (D  86) 
End  Point  (D  86) 
Fire  Point  (D  92,  D  93) 
Flash  Point  (D  92,  D  93) 


Recovery  (D  86) 
Residue  (D  86) 
Saponification  Number  (D  94) 
Viscosity  (D  88) 


Committee  Z?-4  on  Road  Materials: 
Workability  (D  62)» 

Committee  D-IO  on  Shipping  Containers: 
Boxes  (D  118) 

Three  other  terms  in  this  class  have  been  referred  to  the  respective 
standing  committees,  and  their  status  is  under  consideration:  namely, 

Fine  aggregate  (C  33),  Coarse  aggregate  (C  33),  Pipe  laying  (C  IS). 

The  remaining  terms,  117  in  number,  were  grouped  conveniently 
according  to  subject  matter  and  the  standing  committees  responsible 
for  them,  as  follows: 

ComCITTBB 
PKOPOSmG 

DiriNTrioN. 

Terms  Relating  to  Coke  (D  121) D-6 

"  Gypsum  (C  11,  C  22,  C  23,  C  36, 

C  37) C-11 

"       "  Hollow  Tile  (C  43) C-IO 

"  Metallography  (E  2) E-4 

"  Paint  (D  16) D-1 

"  Textiles  (D  76,  D  122,  D  123) D-13 

"  Timber  (D  23) 0-7 

Miscellaneous  Terms: 

Creosote  Oil  (D  43) D-8 

DuctiUty  (D  113) D-4 

A.S.T.M.  Paraffin  Wax  Melting  Point  (D  87) D-2 

A.S.T.M.  Lubricating  Oil  Precipitation  Number  (D  91)  D-2 

Quicklime  (C  5) C-7 

Hydrated  Lime  (C  6) C-7 

Specific  Gravity  (D  70,  D  71) D-4 

117 


numbbk  op 
Tbbio  Db- 

riNBD. 
15 

16 
26 
18 
9 
16 
10 


•  Thtt  tpedficatioD  in  which  thit  term  appears  is  being  withdrawn  this  year  by  Committee  D-4. 
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Action  by  Committee  E-8  with  respect  to  these  definitions  is 
given  below.  In  all  cases  the  revisions  suggested  by  the  Exiitorial 
Committee,  with  such  modifications  as  were  made  by  the  main  com- 
mittee, have  been  brought  to  the  attention  of  the  respective  standing 
committees. 

Terms  Relating  to  Coke  (D  121), — ^The  15  terms  here  defined  by 
Committee  D-6  on  Coke  are: 

Coke  Foundry  Coke  from  Coke  Breeze 

Beehive  Coke  By-Product  Ovens  Dry  Coke 

By-Pitxiuct  Coke  Furnace  Coke  from  Moisture 

Gas  House  Coke  Beehive  Ovens  Ash 

Domestic  Coke  Furnace  Coke  from  Volatile  Mattw 

Foundry  Coke  from  By-Product  Ovens  Fixed  Carbon 
Beehive  Ovens 

The  definitions  of  the  terms  "moisture"  and  "ash,"  ^iith  certain 
revisions  suggested  by  the  Editorial  Committee,  have  been  referred 
to  a  representative  sub-committee  of  Committee  E-8  under  the  chair- 
manship of  H.  C.  Porter.  The  definitions  of  the  remaining  13  terms 
are  still  under  consideration  by  the  Editorial  Committee. 

Terms  Relating  to  Gypsum  (C  lUC  22X  23.  C  36,  C  57^.— The 
16  terms  here  defined  by  Conmfiittee  C-11  on  Gypsum  are: 

Accelerator  Mortar  Wood  Fiber 

Aggregate  Plaster  Gypsum 

Binder  Plasticity  Calcined  Gypsimi 

Cement  Retarder  Gypsum  Wall  Board 

Consistency  Stucco  Gypsum  Plaster  Board 
Keene's  Cement 

Consideration  of  the  definitions  of  the  terms  "consistency"  and 
"plasticity"  is  held  in  abeyance  pending  the  work  of  a  sub-committee 
of  CoDMnittee  E-1  on  Methods  of  Testing  which  plans  a  thorough 
study  in  cooperation  with  Committee  E-8  of  the  properties  of  materials 
denoted  by  the  terms  "consistency,"  "plasticity,"  "workability," 
etc.  The  committee  has  pointed  out  to  Committee  C-11  that  the 
definition  of  "gypsum  wall  board"  should  be  reconsidered  and  has 
also  raised  the  question  as  to  the  desirability  of  defining  "Keene's 
cement"  if  that  cement  is  a  proprietary  compound.  The  remaining 
12  definitions,  with  revisions  (except  in  the  case  of  definitions  of  "ce- 
ment" and  "mortar")  suggested  by  the  Editorial  Committee  have 
been  referred  to  representative  sub-committees  for  consideration. 
The  Editorial  Conmiittee  was  not  prepared  to  suggest  revisions  in  the 
definitions  of  "cement"  and  "mortar,"  which  are  of  wide  application. 
The  definition  of  "aggregate"  has  been  referred  to  a  sub-committee 
under  the  chairmanship  of  L.  R.  Ferguson,  of  which  later  mention  is 
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made,  and  the  remaining  1 1  tenns  to  a  sub-coirimittee,  of  which  A.  H. 
Aptcd  has  been  designated  chairman. 

Terms  Relating  to  Hollow  Tile  (C  4S).— The  26  terms  here  defined 
by  Committee  C-10  on  Hollow  Building  Tile  are: 


Clay  Hollow  Tile 

Book  Tile 

Surface  Clay 

Terra  Cotta 

Hollow  Tile  Fireproofing 

Thickness 

Hollow  Btiilding  Tile 

Partition  Tile 

Width 

Load-Bearing  Tile 

Furring  Tile 

Length 

Floor  Tile 

Porous  Tile 

Shells 

Foundation  Tile 

Vitrified  Tile 

Webs 

Side  Construction  Tile 

Salt  Glared  Tile 

Cells 

End  Construction  Tile 

Shale 

Scoring 

Back-up  Tile 

Fire  Clay 

The  definitions  of  23  of  these  terms  were  carefully  reviewed  by 
the  Editorial  Committee  and  since  the  terms  seemed  to  concern  only 
the  committee  that  prepared  them  and  since  some  questions  of  fact 
and  interpretation  were  involved,  Conmiittee  E-8  referred  the  defini- 
tions wili  certain  suggested  revisions  to  Committee  C-10  for  its 
further  consideration.  Committee  C-10  has  carefully  considered 
these  revisions;  it  has  approved  a  majority  of  them  and  has  proposed 
certain  further  modifications  in  others  for  the  consideration  of  Com- 
mittee E-8. 

Definitions  of  the  terms  "shale,"  "fire  clay"  and  "surface  clay" 
are  under  consideration  by  a  sub-committee  under  the  chairmanship 
of  A.  S.  Watts,  of  which  later  mention  is  made. 

Terms  Relating  to  Metallography  (E  £). — ^The  18  terms  here  de- 
fined by  Committee  E-4  on  Metallography  are: 

Achromatic  Grain  Size  Magnification 

Alloy  Ilhuninator  Metal 

Alpha  Brass  Intercept  Method  for  Microgr{^;>h 

Apochromatic  Grain  Count  Muntz  Metal 

Etching  Reagent  Lens  Planimetric  Method  for 

Equi-axed  Achromatic  Objectives  Grain  Count 

Gnun  Macrograph.. 

These  terms  are  still  under  consideration  by  the  Editorial  Com- 
mittee. 

Terms  Relating  to  Paint  {D  16), — The  9  terms  here  defined  by 
Committee  D-1  on  Preservative  Coatings  for  Structural  Materials  are: 

Size  Filler  DrymgOil 

Varnish  Toner  Semi-Drying  Oil 

Enamel  Lake  Non^Drying  Oil 

Revisions  of  these  definitions  suggested  by  the  Editorial  Com-, 
mittee  were  referred  by  Committee  E-8  to  Committee  D-1,  it  having 
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been  established  that  no  other  committees  in  the  Society  were  con- 
cerned with  these  definitions.  Committee  D-1  has  formally  approved 
the  revised  definitions  and  in  its  annual  report  at  this  meeting  is 
recommending  that  the  definitions  in  their  proposed  revised  form  be 
referred  to  letter  ballot  of  the  Society  for  adoption  as  standard. 
This  recommendation  has  been  approved  by  Committee  E-8  by  letter 
ballot  vote  as  follows:  Advisory  Committee,  affirmative,  7;  nega- 
tive, 0;  not  voting,  0;  total  7;  Standing  Committees,  affirmative, 
17;  negative,  0;  not  voting,  19;    total  36. 

Terms  Relating  to  Textiles  {0  76.  D  122,  D  123).— The  16  terms 
here  defined  by  Committee  D-1 3  on  Textile  Materials  are: 

Imperfections  Hose  Duck  Army  Duck 

Misweaves  Rubber  Belt  Duck  Single  Pilled  or  Plat  Duck 

Tolerances  Batata  Belt  Duck  Enameling  Duck 

Mechanical  Pabric  Oil  Belt  Duck  Crimp 

Tire  Builder  Pabric  Number^  Duck  Off -Square 

Tire  Cord  Fabric 

Revisions  in  the  wording  of  a  majority  of  these  definitions  were 
suggested  by  the  Editorial  Committee.  The  definitions  concern  only 
Committee  D-1 3  and  the  suggested  revisions  have  therefore  been  re- 
ferred by  Committee  E-8  to  that  committee  for  further  consideration. 
Committee  E-8  has  requested  advice  from  Committee  D-1 3  regarding 
the  need  of  a  definition  of  "imperfection.*'  The  desirability  of  clar- 
ifying the  definitions  under  "misweaves"  has  been  pointed  out  and 
the  suggestion  has  been  made  that  the  term  "  tolerances  "  be  withdrawn 
as  a  definition  and  that  the  subject  matter  now  given  as  a  definition 
be  included  in  the  appropriate  specification  as  an  explanation. 

The  committee  has  also  suggested  the  advisability  of  including 
a  definition  of  "duck." 

Terms  Relating  to  Timber  {D  23). — The  10  terms  here  defined  by 
Committee  D-7  on  Timber  are: 

Annual  Ring  Encased  Knot  Ring  Shake 

Stunmer  Wood  Loose  Knot  Rotmd  Shake 

Dense  Douglas  Pir  Rotten  Knot  Diagonal  Grain 
Sound  and  Tight  Knot 

Here  again  these  definitions  concern  only  the  committee  sub- 
mitting them.  Revisions  suggested  by  the  Editorial  Committee  have 
been  referred  to  Committee  D-7  for  consideration. 

Miscellaneous  Terms. — ^There  are  7  such  terms: 

Creosote  OUj(D  43)  Quicklime  (C  5) 

DuctiUty  (D  113)  Hydrated  Lime  (C  6) 

A.S.T.M.  Paraffin  Wax  Melting  Point  (D  87)         Specific  Gravity  (D  70,  D  71) 
A.S.T.M.  Lubricating  Oil  Precipitation  Number  (D  91) 
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The  definition  of  "creosote  oil,"  as  submitted  by.  Committee 
D-8  on  Waterproofing,  was  not  considered  by  Committee  E-8  to  be, 
strictly  speaking,  a  definition.  The  matter  was  referred  to  Committee 
D-8,  which  has  withdrawn  the  definition  in  a  revision  of  the  specifica- 
tion in  question  that  is  being  presented  by  Committee  D-8  at  this 
annual  meeting. 

The  definition  of  "ductility"  is  one  submitted  by  Committee 
D-4  on  Road  Materials  as  applying  to  the  ductility  of  asphalt  cement 
and  appears  in  Section  1  of  the  Tentative  Method  of  Test  for  Duc- 
tility of  Bituminous  Materials  (D  113-21  T).  Committee  E-8 
has  advised  Committee  D-4  that,  as  worded,  this  section  should  not 
be  considered  as  a  definition  of  "ductility"  but  rather  a  description 
of  how  that  property  is  determined  in  the  case  of  asphalt  cement  or 
semi-solid  bitumen,  and  has  requested  the  committee  to  consider  some 
revision  of  this  section. 

Committee  E-8  suggested  to  Committee  D-2  certain  minor  modi- 
fications in  the  definition  of  "A.S.T.M.  Paraffin  Wax  Melting  Point." 
The  revised  definition  has  been  adopted  by  that  committee  and 
incorporated  in  the  Tentative  Method  of  Test  for  Melting  Point  of 
Paraffin  Wax  (D  87-21  T)  which  Committee  D-2  is  recommending 
at  this  meeting  be  adopted  as  standard.  Committee  E-8  has  approved 
the  reference  of  this  definition  to  standard  by  the  following  letter 
ballot  vote:  Advisory  Committee,  affirmative,  7;  negative,  0;  not 
voting,  0;  total,  7;  Standing  Committees,  affirmative,  19;  negative, 
0;  not  voting,  17;-  total,  36. 

The  committee  also  suggested  certain  minor  modifications  in  the 
definition  of  "A.S.T.M.  Lubricating  Oil  Precipitation  Number," 
which  have  been  adopted  by  that  committee.  This  definition  is  not 
yet  being  advanced  to  standard  by  Committee  D-2. 

In  the  case  of  the  definitions  of  "quicklime"  and  "hydrated  lime," 
revisions  suggested  by  the  Editorial  Committee  were  referred  to  Com- 
mittee C-7  on  Lime,  which  is  the  only  committee  concerned  with  these 
definitions.  Comlnittee  C-7  has  adopted  the  general  form  and  arrange- 
ment but  has  further  revised  the  definitions  and  is  submitting  the 
revised  definitions  to  the  Society  at  this  meeting  for  acceptance^  as 
tentative.  Committee  E-8  will  pass  upon  the  revised  definitions  during 
the  coming  year. 

The  definitions  of  "specific  gravity"  appearing  in  the  Tentative 
Standards  D  70  and  D  71  prepared  by  Committee  D-4  on  Road  Mate- 
rials relate  to  specific  gravity  of  road  oils,  road  tars,  asphalt  cements 
and  tar  pitches  and  have  been  referred  to  a  sub-committcc  of  Corn- 
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raittee  E-8  .that  is  considering  general  definitions  of  specific  gravity, 
to  which  reference  is  made  below. 

Other  Activities. 

Sub-Commitiee  on  Definition  of  Specific  Gravity. — ^In  its  last  annual 
report  the  committee  stated  it  had  organized  a  sub-committee  to 
consider  the  formulation  of  definitions  of  the  terms  "specific  gravity," 
"relative  specific  gravity"  and  "apparent  specific  gravity,"  the 
subject  having  been  suggested  by  Committee  D-4  on  Road  Materials. 
This  sub-committee,  xmder  the  chairmanship  of  F.  M.  Farmer,  has 
made  a  comprehensive  study  of  the  definitions  of  these  terms  as  given 
in  various  places  in  the  Society's  Proceedings  and  in  standard  dic- 
tionaries, text  books  and  other  references,  and  has  submitted 
a  report  of  substantial  progress  to  the  main  committee. 

Sub-Committee  on  Definitions  of  Clay  and  Related  Tenns. — ^This 
sub-committee  was  organized  during  the  past  year  to  consider  con- 
flicting definitions  of  such  terms  as  "clay,"  "fire  clay"  and  "shale" 
that  have  been  prepared  by  several  committees  of  the  Society,  Com- 
mittees C-3  on  Brids:,  C-4  on  Sewer  Pipe,  C-6  on  Drain  Tile,  and  more 
recently  Committees  C-$  on  Refractories  and  C-10  on  Hollow  Building 
Tile.  ..Und^r  the  chairmanship  of  A.  S.  Watts  this  sub-committee  has 
made  cpixsiderable  progress.  In  its  report  at  the  February  meeting, 
the  sub-committee  requested  an  expression  of  opinion  as  to  whether 
definitions  satisfactory  in  technical  and  legal  literature  were  desired 
or  simple  popular  definitions  that  would  suflice  to  differentiate  between 
the  different  types  of  clay.  The  committee  expressed  its  opinion  that 
the  sub-conunittee  should  prepare  the  former  type  of  definition.  It 
was  aiqireciated  that  it  might  be  diflScult  to  prepare  such  definitions 
and  that  it  might  be  necessary  to  prepare  the  latter  type,  notwithstand- 
ing that  the  former  is  considered  to  be  the  more  desirable. 

Sub-Committee  on  Definitions  of  Sand  and  Aggregate. — ^In  its  report 
a  year  ago  the  committee  stated  that  Committee  C-9  on  Concrete  and 
Concrete  Aggregates  had  requested  the  consideration  of  definitions 
of  terms  relating  to  concrete  and  concrete  aggregates.  Among  these 
terms  was  that  of  "sand,"  which  is  of  interest  to  a  number  of  our 
standing  committees.  A  sub-committee  consisting  of  representatives 
of  the  following  standing  committees  has  been  organized  to  prepare 
a  definition  of  this  term:  A-3  on  Cast  Iron,  C-1  on  Cement,  C-2  on 
Reinforced  Concrete,  C-3  on  Brick,  C-7  on  Lime,  C-9  on  Concrete  and 
Coacrete  Aggregates,  Q-l\  on  Gypsum,  and  D-4  on  Road  Materials. 

To  this  sub-committee  has  been  referred  also  the  definition  of  the 
term  "aggregate,"  mentioned  previously. 


Digitized  by 


Google 


On  Nomenclature  and  Definitions.  549 

Sub-Commitlee  oil  Definitions  of  Terms  ReUiUng  to  Concrete, — ^To 
consider  other  terms  suggested  for  definition  by  Committee  C-9, 
another  sub-committee,  consisting  of  representatives  of  Committees 
C-2  on  Reinforced  Concrete,  C-9  on  Concrete  and  Concrete  Aggre- 
gates and  D-4  on  Road  Materials,  has  been  organized  under  the 
chairmanship  of  Mr.  Ferguson  and  is  considering  definitions  of  the 
following  terms: 


Loam 

Screenings 

sat 

Crusher  Dust 

Gravel 

1-in.  Broken  Stone 

Screened  Gravel 

2-in.  Broken  Stone 

Definitions  of  ^^Sieve^'  and  "Screen.^^ — ^Definitions  of  these  terms 
have  been  prepared  by  Committee  D-4  on  Road  Materials.*  At  the 
suggestion  of  Committee  E-8,  Committee  C-9  on  Concrete  and  Con- 
crete Aggregates  is  conducting  a  circularization  of  its  members  to 
ascertain  whether  these  definitions  are  satisfactory  to  that  committee. 

In  conclusion,  Committee  E-8  feels  that  it  has  established  a  form 
of  procedure  that  will  enable  it  to  pass  upon  new  tentative  definitions 
with  some  expedition  and  that  the  consideration  of  definitions  now 
standard  can  be  taken  up  as  time  permits.  The  conunittee  expresses 
appreciation  of  the  cooperation  of  the  standing  conmfiittees  during  the 
year,  which  cooperation  is,  of  course,  essential  to  the  conduct  of  the 
committee's  work. 

This  report  has  been  submitted  to  letter  ballot  of  the  committee 
with  the  following  result:  Advisory  Committee,  aflSrmative,  7; 
negative,  0;  not  voting,  0;  total,  7;  Standing  Conunittee,  affirma- 
tive, 29;  negative,  0;  not  voting,  7;  total,  36. 

Respectfully  submitted  on  behalf  of  the  committee, 

Cloyd  M.  Chapman, 
Chairman. 
C.  L.  Warwick, 

Ex-Ofiicio  Secretary, 


I  DefiniUMu  of  Terms  ReUtIng  to  Materials  for  Roads  and  PavemenU  (D  8  -  18),  1921  Book  of 
A.S.T.M.  Standards,  p.  747. 
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The  teitn  Tentative  Standard  is  applied  to  a  proposed 
Standard  which  is  printed  for  one  or  more  years  with  a  view 
of  eliciting  cdtidsn;!,  of  which  the  committee  concerned  will 
take  due  cognizance  before  recommending  final  action  towards 
its  adoption  as  jstandard. 

Members  of  flie  Society  and  others  are  invited  to  direct 
written  criticism  of  any  of  these  Tentative  Standards  to  the 
officer  of  the  appropriate  committee  whose  name  and  address 
appear  in  the  footnote  to  the  title  of  each  Tentative  Standard. 
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TENTATIVE  SPECIFICATIONS 
FOR 

LAP-WELDED  AND  SEAMLESS  STEEL  AND 
LAP-WELDED  IRON  BOILER  TUBES.* 

Serial  Designation:    A  83  -  22  T. 

This  is  a  Tentative  Standard  only,  published  for  the  purpose  of  eliciting  criti- 
dsm  and  suggestions.  It  is  not  a  Standard  of  the  Society  and  until  its  adoption  as 
Standard  it  is  subject  to  revision. 

Issued,  1921;  Rbvisbd,  1922. 

Note. — ^In  the  following  specifications  attention  is  called  to  the  basis  en  which 
tubes  are  gaged  for  thickness.  No  variation  beneath  the  ordered  gage  is  allowed,  all 
variations  being  on  the  side  of  thicker  than  ordered  gage.  Present  standard  A.S.T.M. 
specifications  for  locomotive  tubes  permit  of  variation  above  and  below  the 
ordered  gage.  The  present  A.S.T.M.  standard  specifications  for  stationary  service, 
as  well  as  Boiler  Code  and  Marine  specifications,  do  not  permit  of  tubes  being 
less  than  the  ordered  gage.  Where  previously  used  specifications  permit  of  tubes 
less  than  the  ordered  gage,  the  purchaser  in  using  these  tentative  specifica- 
tions must  order  tubes  one  gage  lighter  than  formerly  to  obtain  the  same  weight 
and  gage  of  tubes.  For  example:  where  2  in.  o.d.  No.  11  B.w.g.  cold-drawn  tubes 
were  previously  ordered,  2  in.  o.d.  No.  12  B.w.g.  should  be  ordered  to  these 
specifications.  Tubes  would  be  furnished  which  would  have  an  average  thickness 
of  No.  11  B.w.g.  They  would  not  be  less  than  No.  12  B.w.g.  but  might  be  No. 
to  B.w.g.  They  would  have  the  same  nominal  weight  as  under  the  previous 
system. 

1.  These  specifications  cover  lap-welded  and  seamless  steel  and  Material 
lap-welded  iron  boiler  tubes,  boiler  flues,  superheater  tubes,  safe  ends  ^•^•'^•*' 
and  arch  tubes. 

I.    MANUFACTURE. 

2.  (a)  The  material  for  lap-welded  tubes  shall  be  made  by  the  Procots. 
open-hearth  process,  or  by  the  knobbled,  hammered  charcoal  iron 
process. 

Xb)  The  material  for  seamless  tubes  shall  be  made  by  the  open- 
hearth  process. 

^Criticttiiit  of  thaie  TenUtiv*  Sp«cific«tioaj  are  lolicitad  and  ahould  be  directed  to  Mr.  G.  H. 
Woodroffe.  Secretary  of  Committee  A-1  on  Steel,  Parkesburg  Iron  Co.,  Ptekeeborg,  Pk. 
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Chftmical 
Compotltloii. 


II.    CHEMICAL  PROPERTIES  AND  TESTS. 

3.  (a)  Chemical  analysis  will  not  be  required  for  charcoal  iron 
tubes. 

(b)  Material  made  by  the  open-hearth  process  shall  conform  to 
the  following  requirements  as  to  chemical  composition: 

GiADB  A.  Gkadb  B. 

Carbon,      per  cent 0. 08  <-  0. 18  not  over  0. 03 

Manganese,     "       0.30-0.60  "      "    0.03 

Phosphorus,     *'       not  over  0.04  "      "    0.02 

Sulfur,  "       "      "    0.045        "      "    0.045 


Check 
Antlytes. 


Flange 
Tetli. 


4.  (a)  Analyses  of  two  tubes  in  each  lot  of  250  tubes  or  less,  and 
of  2000  feet  or  less  of  safe-end  material,  may  be  made  by  the  pur- 
chaser. The  chemical  composition  thus  determined  shall  conform  to 
the  requirements  specified  in  Section  3  (b).  Drillings  for  analysis 
shall  be  taken  from  several  points  around  each  tube. 


Fosffion 
CffterUsini 
Flan'n^yoQl' 


A^Outs. Diam.ofFlut  ftssfi 
B^  0un,0iam,ofFlu9  /ess §7 
C-  Outs,Diam,ofFlu$  pIv^V* 

Flaring  Tool. 


Uners""^  h'^ 
Die  etocKv 


Fig.   1 


(&)  If  the  analysis  of  only  one  tube  does  not  conform  to  the  require- 
ments specified,  analyses  of  two  additional  tubes  from  the  same  lot  shall 
be  made,  each  of  which  shall  conform  to  the  requirements  specified. 

III.    PHYSICAL  PROPERTIES  AND  TESTS. 

5.  Tubes  of  material  made  by  the  open-hearth  process  shall  meet 
the  tests  specified  for  steel  tubes. 

6.  (a)  For  tubes  not  more  than  6  in.  in  diameter  and  having  a 
thickness  less  than  10  per  cent  of  the  outside  diameter,  provided  the 
thickness  does  not  exceed  No.  6  B.w.g.  (0.203  in.),  a  test  specimen 
not  less  than  4  in.  in  length  shall  have  a  flange  turned  over  at  right 
angles  to  the  body  of  the  tube  without  cracking  or  showing  any  flaw. 
This  flange,  as  measured  from  the  outside  of  tube,  shall  in  no  case  be 
less  than  \  in.  nor  more  than  \  in.     Within  these  limits  the  width  of 
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flange  shall  be  not  less  than  12^^  per  cent  of  the  outside  diameter  for 
charcoal-iron,  nor  less  than  15  per  cent  for  steel  tubes  up  to  2^  in.,  in- 
clusive. For  steel  tubes  over  2  }  in.  in  diameter  and  up  to  3  f  in. ,  inclu- 
sive, the  width  of  the  flange  shall  be  f  in.,  and  for  tubes  over  3|  in. 
the  width  of  flange  shall  be  10  per  cent  of  the  outside  diameter. 

(b)  For  tubes  not  specified  in  Paragraph  (a)  the  flange  test  will 
not  be  required. 

(c)  In  making  the  flange  test,  it  is  recommended  that  the  flaring 
tool  and  die  block  as  shown  in  Fig.  1  be  used. 

7.  (a)  For  all  tubes,  except  when  the  wall  thickness  is  in  excess  natuniiif 
of  10  per  cent  of  the  outside  diameter,  providing  the  thickness  does    ***" 
not  exceed  No.  6  B.w.g.  (0.203  in.),  a  test  specimen  3  m.  in  length 

shall  withstand  flattening  between  parallel  plates,  without  cracking  or 
showing  any  flaw,  until  the  distance  between  the  plates  is  as  follows: 

Three  times  the  wall  thickness  for  seamless  tubes; 

Five  times  the  wall  thickness  for  lap-welded  tubes. 

Note. — In  the  case  of  lap-welded  tubes,  the  test  shall  be  made  with  the  weld 
at  the  point  of  maximtim  bend. 

(6)  For  all  tubes  not  specified  in  Paragraph  (a)  a  test  specimen 
3  in.  in  length  shall  withstand  flattening  between  parallel  plates, 
without  cracking  or  showing  any  flaw,  until  the  distance  between  the 
plates  is  as  follows: 

Four  times  the  wall  thickness  for  seamless  tubes; 

Six  times  the  wall  thickness  for  lap-welded  tubes. 

NoTB. — In  the  case  of  lap- welded  wrought-iron  tubes  thicker  than  No.  6  B.  w.  g. 
(0.203  in.),  the  test  shall  be  made  with  the  weld  45  deg.  away  from  the  point  of 
maximum  bend.  For  other  wrought-iron  tubes  and  for  all  steel  tubes  covered  by 
this  section,  the  test  shall  be  made  with  the  weld  at  the  point  of  maximum  bend. 

8.  When  required  by  the  inspector,  crushing  tests  shall  be  made  Cnish  Teats. 
on  test  specimens  2^  in.  in  length,  which  shall  withstand  crushing 
longitudinally,  without  cracking,  splitting  or  opening  at  the  weld,  as 
follows: 

Steel  tubes:  No.  10  B.w.g.  or  lighter  to  a  height  of  f  in.  or 
until  outside  folds  are  in  contact;  if  heavier  than  No.  10 
B.w.g.  to  a  height  of  I^  in. 

Charcoal-iron  tubes:  No.  10  B.w.g.  or  lighter,  to  a  height  of 
li  in.;  if  heavier  than  No.  10  B.w.g.,  to  a  height  of 
if  in.  Slight  surface  checks  shall  not  be  a  cause  for 
rejection. 

9.  Tubes  under  5  in.  in  diameter  shall  withstand  an  internal  Hj4roat«tic 
hydrostatic  pressure  of  1000  lb.  per  sq.  in.  and  tubes  5  in.  or  over  in  '^••*■• 
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diameter  shall  withstand  an  internal  hydrostatic  pressure  of  800  lb. 
per  sq.  in,;  provided  that  the  fiber  stress  corresponding  to  these 
pressures  does  not  exceed  16,000  lb.  per  sq.  in.  Should  the  fiber  stress 
corresponding  to  these  pressures  exceed  16,000  lb.  per  sq.  in.,  the  test 
pressure  shall  be  determined  by  the  formula: 

p  ^  32,000  < 
D 

in  which  P  » the  pressure  in  pounds  per  square  inch,  t » the  thickness 
of  wall  in  inches,  and  D  «  the  inside  diameter  of  the  tube  in  inches. 
Lap'Welded  tubes  shall  be  struck  near  both  ends,  while  under  the  test 
pressure^  with  a  2-lb.  steel  hand  hammer  or  the  equivalent. 

10.  A  cross-section  of  charcoal-iron  tubes  may  be  turned  or  stch  t«su 
ground  to  a  true  strrface,  polished  free  from  dirt  or  cracks,  and  etched^  u^^^h^' 
until  the  soft  parts  are  sufficiently  dissolved  for  the  iron  tube  to  show 

a  decided  ridged  surface,  with  the  weld  very  distinct,  while  a  steel 
tube  would  show  a  homogeneous  surface. 

11.  Test  specimens  shall  be  taken  from  finished  tubes.     They  Tmi^ 
shall  be  smooth  on  the  ends  and  free  from  burrs.    All  specimens  shall 
be  tested  cold. 

12.  Each  tube  shall  be  subjected  to  the  hydrostatic  test.     One  Knmbtrof 
of  each  of  the  physical  tests  specified  shall  be  made  from  each  of  two  '^**^* 
tubes  in  each  lot  of  250  or  less,  and  each  2000  feet  or  less  of  safe  end 
material. 

13.  If  the  results  of  the  ph)rsical  tests  of  only  one  tube  from  any  R^tMU. 
^ot  do  not  conform  to  the  requirements  specified  in  Sections  6,  7  and 

8,  retests  of  two  additional  tubes  from  the  same  lot  shall  be  made, 
each  of  which  shall  conform  to  the  requirements  specified.  , 

IV.    STANDARD  WEIGHTS. 

14.  The  standard  weights  for  tubes  of  various  outside  diameters  stuidard 
and  thicknesses  are  as  indicated  in  Tables  Nos.  I  and  II.  Wtlght. 

15.  The  weight  of  any  tube  shall  not  be  less  than  that  shown  in  ptraiMibu 
Tables  Nos.  I  and  II.  Vntetlon. 

y.    WORKMANSHIP  AND  FINISH. 

16.  (a)  Finished  tubes  4  in.  or  under  in  outside  diameter  shall 
be  circular  within  0.02  in.  and  the  mean  outside  diameter  shall  not 
vary  more  than  0.015  in.  from  the  size  ordered.    For  tubes  over  4  in. 


*  A  Mltttioa  of  two  parte  water,  one  part  HCl  Cap.  sr.  1.20).  and  ont  part  H^Oi  Cap.  gr.  1.84) 
ia  raoommaadadlfor  tha  atch^taat. 
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in  outside  diameter,  these  variations  shall  not  exceed  0.5  per  cent  of 
the  outside  diameter. 

{b)  Tubes  shaU  be  gaged  with  a  Birmingham  wire  gage,  and  shall 
be  not  less  than  the  thickness  specified,  except  that  tubes  will  be 
accepted  on  which  the  gage  will  go  on  tightly  at  the  thinnest  point. 

(c)  Cold-drawn  tubes  shall  not,  at  any  place,  exceed  the  specified 
thickness  by  more  than  two  gages. 

(d)  Hot-finished  tubes  shall  not,  at  any  place,  exceed  the  speci- 
fied thickness  by  more  than  three  gages. 

(e)  The  length  shall  not  be  less  but  may  be  tV  ii^>  ^ore  than 
that  specified. 


MtfilBc. 


Table  II.— Standard  Weights  or  Small  Superheater  Tubes. 

IteCUOH. 
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0.130 

0.887 

0.807 

1.047 

1.127 

10 

O.IM 
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1.148 

1.288 

1.587 

1.778 

1.885 

1.884 

2.188 

0 

0.148 

1.247 

1.848 

1.741 

1.088 

2.088 

2.188 

2.884 

8 

0.165 

2.882 

17.  Finished  tubes  shall  be  free  from  injurious  defects  and  dis- 
tortion, shall  have  smooth  ends  free  from  burrs  and  shall  have  a 
workmanlike  finish. 

VI.    MARKING. 

18.  The  name  or  brand  of  the  manufacturer,  the  material  from 
which  it  is  made,  whether  steel  or  iron,  and  the  pressure  in  pounds  at 
which  it  was  tested,  shall  be  legibly  stenciled  on  each  tube. 


VII.    INSPECTION  AND  REJECTION. 

19.  (a)  Unless  otherwise  specified,  inspection  and  all  tests,  except 
check  analjrses,  shall  be  made  at  the  place  of  manufacture.  When 
required,  the  manufacturer  shall  furnish  the  purchaser  of  each  lot  of 
tubes  a  statement  as  to  the  kind  of  material  of  which  the  tubes  are 
made  and  that  the  tubes  have  been  tested  and  have  met  all  the 
requirements  of  these  specifications. 


Digitized  by 


Google 


Seual  Designation:  A  83-22  T.  559 

(b)  The  inspector  representing  the  purchaser  shall  have  free 
entry,  at  all  times  while  work  on  the  contract  of  the  purchaser  is 
being  performed,  to  all  parts  of  the  manufacturer's  works  which  con- 
cern the  manufacture  of  the  tubes  ordered.  The  manufacturer  shall 
afford  the  inspector,  without  charge,  all  reasonable  facilities  to  satisfy 
him  that  the  tubes  are  being  furnished  in  accordance  with  these 
specifications. 

20.  (a)  Unless  otherwise  specified,  any  rejection  based  on  tests  Rtj^ctfoa. 
made  in  accordance  with  Section  4  (a)  shall  be  reported  within  five 
working  days  from  the  receipt  of  samples. 

(b)  Tubes  when  inserted  in  the  boiler  shall  stand  expanding  and 
beading  without  showing  cracks  or  flaws,  or  opening  at  the  weld. 
Superheater  tubes  when  properly  manipulated  shall  stand  all  forging, 
welding,  and  bending  operations  necessary  for  application  without 
developing  defects.  Tubes  which  fail  in  any  of  the  above  operations 
will  be  rejected,  and  the  manufacturer  shall  be  notified. 

21.  Samples  tested  in  accordance  with  Section  4  (a)  which  repre- 
sent rejected  tubes,  shall  be  preserved  for  two  weeks  from  the  date 
of  test  report.  In  case  of  dissatisfaction  with  the  results  of  the  tests, 
the  manufacturer  may  make  claim  for^  rehearing  within  that  time. 
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TENTATIYEfSPECIFICATIONS 

FOR 

CARBON-STEEL  CASTINGS  FOR  RAILROADS.* 

Serial  Designation:  A  87-22  T. 

This  is  a  Tentative  Standard  only,  published  for  the  purpose  of  eliciting  criti- 
cism and  suggestions.  It  is  not  a  Standard  of  the  Society  and  until  its  adoption  as 
Standard  it  is  subject  to  revision. 

Issued,  1922. 

1.  (a)  These  spedfications  cover  all  carbon- steel  castings  for 
locomotive  and  car  equipment,  and  for  miscellaneous  use,  classified  as 
Grade  A  and  Grade  B. 

(6)  The  purposes  for  which  the  two  grades  are  generally  used  are: 
Grade  A,  unatmealed,  covers  only  such  special  castings  as  may  be 

approved  by  the  purchaser.    Grade  A ,  annealed,  covers  such  castings 

not  covered  by  Grade  A,  imannealed. 

Grade  B  covers  all  castings  for  high  stresses  such  as  truck  side 

frames,  bolsters,  couplers  and  coupler  parts,  locomotive  frames  and 

locomotive  dri'v^ng  and  trailer  wheel  centers. 

2.  Grade  A  castings  shall  be  furnished  annealed  unless  otherwise 
specified  by  the  purchaser. 

Grade  B  castings  shall  be  furnished  annealed. 

I.    MANUFACTURE. 

3.  The  steel  may  be  made  by  one  or  more  of  the  following  pro- 
cesses: open-hearth,  electric  furnace,  crucible  or  side  blow  converter. 

4.  (a)  The  castings  shall  be  allowed  to  become  cool.  They  shall 
then  be  uniformly  heated  to  the  proper  temperature  to  refine  the  grain, 
and  allowed  to  cool  uniformly. 

(6)  For  the  purpose  of  determining  the  quality  of  annealing  of 
all  castings  weighing  150  lb.  or  over,  and  of  such  lighter  castings  as 
shall  be  required  by  the  purchaser  or  his  representative,  there  shall  be 
provided  for  removal  by  the  inspector  after  annealing  and  also  after 
reannealingi  if  necessary,  at  least  one  and  not  more  than  two  an- 
nealing lugs.    The  location  of  the  annealing  lugs  shall  be  such  that 

1  Critidsmt  of  these  Tentative  Specificationi  are  solicited  and  should  be  directed  to  Mr.  O.  H. 
Woodroffe.  Secretary  of  Committee  A-1  on  Steel,  Parkesburg  Iron  Co.,  Parkesburg.  P^ 

(560) 
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when  removed  by  the  inspector  they  shall  be  mdicative  of  the  charac- 
ter of  annealing.  The  standard  annealing  lug  shall  be  1  in.  in  height 
and  1  in.  in  width  and  f  in.  in  thickness  where  it  joins  the  casting. 

(c)  Ify  in  the  opinion  of  the  inspector,  a  casting  is  not  properly 
annealed,  he  may  at  his  option  require  the  casting  to  be  re-annealed. 

II.  CHEMICAL  PROPERTIES  AND  TESTS. 

5.  The  steel  shall  conform  to  the  following  requirements  as  to  ChtBicai 
chemical  composition:  CompotWon. 

Gradb  a.  GitAitt  B. 

Manganese,  per  cent,  not  over 0.85  0.85 

Phosphorus,  per  cent,  not  over 0.05  0.05 

Sulfur,  per  cent,  not  over 0.05  0.05 

6.  An  analysis  of  each  melt  of  steel  shall  be  made  by  the  manu-  Ladit 
facturer  to  determine  the  percentages  of  carbon,  manganese,  phos-  ^"^y**'- 
phorus,  sulfur  and  silicon.    This  analysis  shall  be  made  from  drillings 
taken  at  least  i  in.  beneath  the  surface  of  a  test  ingot  obtained  during 

the  pouring  of  the  melt.  The  chemical  composition  thus  determined 
shall  be  reported  to  the  purchaser  or  his  representative,  when  re- 
quested, and  shall  conform  to  the  requirements  specified  in  Section  5. 

7.  An  analysis  may  be  made  by  the  purchaser  from  the  broken  Check 
tension  test  specimen  or  from  a  casting  representing  each  melt  ^"^y^*"- 
The  chemical  composition  thus  determined  shall  conform  to  the 
requirements  specified  in  Section  5.    Drillings  for  analysis  shall  be 
taken  not  less  than  i  in.  beneath  the  surface,  and  shaU  be  taken  in  such 

a  manner  as  not  to  impair  the  usefulness  of  a  casting. 

III.  PHYSICAL  PROPERTIES  AND  TESTS. 

8.  (a)  The  steel  shaU  conform  to  the  following  mii^mum  require-  xtnsion 
ments  as  to  tensile  properties:  T»tti. 

Grads  a.  Gkads  B. 

TJnanmbalid.       Annxalsd.        Annk    ad 

Yield  point,  lb.  per  sq.  in 29  250  29  250  36  000 

„,  .      .    « .  .  1 450  000         1 600  000         1  600  000 

Elongation  in  2  in.,  per  cent -z -r; -r 

Tens.  str.       Tens.  str.       Tens.  str. 

but  in  no  case  less  than 22  24  22 

„   ^      .        ,  ^  2  250  000        2  600  000        2  500  000 

Reduction  of  area,  per  cent r- ^ 

Tens.  str.        Tens.  str.       Tens.  str. 

but  in  no  case  less  than 30  35  30 

(6)  The  tensile  strength  shall  be  reported  as  information, 
(c)  The  yield  point  shall  be  determined  by  the  drop  of  the  beam 
or  by  the  dividers,  the  method  being  optional  with  the  inspector,  and 
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Test 
Sptdment. 


at  a  cross-head  speed  not  to  exceed  |  in.  per  minute.  The  tensile 
strength  shall  be  determined  at  a  speed  not  to  exceed  1}  in.  per 
minute. 

9.  (a)  A  sufficient  number  of  test  coupons,  from  which  the 
required  test  specimen  may  be  prepared,  shall  be  cast  attached  in  the 
neighborhood  of  each  end  of  each  locomotive  frame,  attached  to  each 
locomotive  cylinder,  to  each  wheel  center,  and  to  miscellaneous 
castings  weighing  over  150  lb.  These  test  coupons  shall  remain 
attached  to  the  castings  throughout  the  annealing  and  until  the 
castings  are  presented  for  inspection.  If  the  design  of  the  casting  is 
such  that  the  test  coupons  cannot  be  attached,  they  shall  be  cast  in 
runners  outside  of  the  casting,  but  attached  to  it,  to  represent  each 


Radius  I 

notfess     ^      ' 


|< 2x >| 


p* —  2  '^Gage  Length — A 


Number  of 
Tests. 


Nofe  ■—  The  GagelengHi,  Paraifet  Porfiom  and  FifUts  shaft  be  as  Shown, 
buf  the  Ends  may  be  of  any  Form  which  wift  Fit  the  Ho/ders  of 
the  Testirtg  Machine, 

Fig.  1. 

melt  The  location  of  the  test  coupons,  as  well  as  the  method  of 
casting  such  coupons,  shall  be  subject  to  mutual  agreement  between 
the  inspector  and  the  manufacturer.  In  the  case  of  any  orders  for 
castings  weighing  under  150  lb.,  the  physical  properties  as  required  in 
Section  8,  may  be  determined  from  an  extra  or  spare  test  bar  cast 
with  and  attached  to  some  other  casting  from  the  same  melt. 

(t)  When  sufficient  coupons  have  not  been  cast,  a  test  specimen 
may  be  cut  from  a  finished  casting  at  a  location  mutually  agrmi  upon 
by  the  inspector  and  the  manufacturer. 

(c)  Tension  test  specimens  shall  conform  to  dimensions  shown 
in  Fig.  1.  The  ends  shall  be  not  less  than  }  in.  in  diameter  and  of  a 
length  and  form  to  fit  the  holders  of  the  testing  machine  in  such  a  way 
that  the  load  shall  be  axial. 

10.  (a)  One  tension  test  shall  be  made  from  the  neighborhood  of 
each  end  of  each  locomotive  frame  and  both  tests  shall  meet  the  re- 
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quirements  of  the  specifications.  One  tension  test  may  be  made  from 
each  wheel  center  and  each  locomotive  cylinder  casting,  but  of  such 
castings  at  least  one  of  each  kind  in  each  melt  shall  be  tested.  For 
miscellaneous  castings  from  melts  which  do  not  include  frames,  wheel 
centers  or  cylinders,  one  tension  test  shall  be  made  from  each  melt, 
except  as  provided  in  Section  11  (a)* 

{b)  If  the  test  specimen  shows  defective  machining  or  develops 
flaws,  it  may  be  discarded  and  another  specimen  substituted. 

(c)  If  the  percentage  of  elongation  of  any  tension  test  specimen 
is  less  than  that  specified  in  Section  8  and  any  part  of  the  fracture  is 
more  than  |  in.  from  the  center  of  the  gage  length,  as  indicated  by 
scribe  scratches  marked  on  the  specimen  before  testing,  a  retest  shall 
be  allowed. 

(i)  No  part  of  these  specifications  shall  operate  to  cause  any  one 
tension  test  to  apply  to  more  than  40  tons  of  castings  as  offered  for 
inspection. 

11.  (a)  After  15  consecutive  melts,  which  may  contain  any  or  all  Nmnberof 
classes  of  castings  (except  frames,  wheel  centers,  and  cylinders)  Jj^Jieutiv* 
covered  by  these  specifications  on  one  or  more  orders  have  been  tested  iceitt  of 
and  accepted  in  accordance  with  the  above  requirements,  the  manu-  J^JJ*""' 
facturer  may  group  the  succeeding  melts  in  lots  of  five  melts  each,  cttHost. 
but  each  lot  not  to  exceed  40  tons,  the  entire  group  to  be  accepted  if 

the  test  specimen  selected  from  the  lot  fulfills  the  chemical  and  phys« 
ical  requirements  herein  specified.  If  this  test  fails,  a  rehearing  will 
be  granted  on  the  melt  that  the  failed  bar  represents,  and  the  other 
four  melts  of  the  group  shall  be  tested  individually. 

(b)  If  there  is  a  period  of  more  than  six  months  between  ship- 
ments of  the  class  of  castings  covered  by  these  specifications,  then  each 
melt  shall  be  tested  individually  until  15  consecutive  melts  have  been 
accepted,  after  which  the  melts  may  again  be  grouped  as  in  Para- 
graph (a). 

(c)  If  one  or  more  melts  are  rejected,  each  succeeding  melt  shall 
be  tested  individually  until  15  consecutive  melts  have  been  accepted, 
after  which  melts  may  again  be  grouped  as  in  Paragraph  (a). 

12.  In  case  of  small  orders  for  bolsters,  truck  sides,  draft  arms,  Number  of 
yokes  or  castings  weighing  over  150  lb.  where  the  size  of  the  order  and  SjS^o^^ 
the  available  pattern  and  foundry  equipment  are  such  that  not  more 

than  five  castings  can  be  cast  in  any  one  melt,  the  physical  properties, 
as  required  in  Section  8,  will  be  determined  from  an  extra  or  spaxt 
test  coupon  cast  with  and  attached  to  some  other  casting  of  the 
same  melt 

13.  If  the  results  of  the  physical  test  lot  do  not  conform  to  the  Retottt. 
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requirements  specified,  the  manufacturer  may  re-anneal  such  lot  not 
more  than  twice  and  retest  shall  be  as  specified  in  Section  8. 

Teit*?**^*  14.  In  the  case  of  orders  including  only  castings  not  exceeding 

Deetruction.  150  lb.  in  weight,  a  test  to  destruction  of  one  casting  from  each  100 
castings  or  smaller  lot  may  be  substituted  for  the  tension  tests,  at 
the  option  of  the  inspector.  This  test  shall  show  the  material  to  be 
ductile,  free  from  injurious  defects,  and  suitable  for  the  purpose 
intended. 

IV.    WORKMANSHIP  AND  FINISH. 

Workmanship.  15.  The  Castings  shall  substantially  conform  to  the  sizes  and 

shapes  shown  on  the  purchaser's  drawings,  and  shall  be  made  in  a 
workmanlike  manner. 

Finish.  16.  (a)  The  castings  shall  be  free  from  injurious  defects. 

(b)  Minor  defects  which  do  not  impair  the  strength  of  the  castings 
may,  with  the  approval  of  the  inspector,  be  welded  by  an  approved 
process.  The  defects  shall  first  be  cleaned  out  to  solid  metal;  and 
after  welding,  the  castings  shall  be  annealed,  if  required  by  the 
inspector. 

V.    MARKING. 

Marking.  17.  The  manufacturer's  name  or  indentification  mark  and  the 

specified  pattern  number  shall  be  cast  on  all  castings.  In  addition,  the 
month  and  year  when  made  shall  be  cast  on  all  bolsters,  truck  sides, 
frames,  wheel  centers,  cylinders,  and  similar  castings.  The  location 
and  size  of  numbers  shall  be  agreed  upon  by  the  manufacturer  and 
the  inspector.  In  accordance  with  the  standard  practice  of  the 
individual  foundry  to  identify  individual  castings,  a  serial  number 
may  be  cast  or  the  melt  number  may  be  stamped  on  bolsters,  truck 
sides,  frames,  wheel  centers,  cylinders  and  similar  castings  as  agreed 
upon  by  the  manufacturer  and  the  inspector.  The  melt  number  shall 
be  legibly  stamped  on  all  other  castings  weighing  over  150  lb. 

VI.'    INSPECTION  AND  REJECTION. 
Inspection.  18.  The  inspector  representing  the  purchaser  shall  have   free 

entry,  at  all  times  while  work  on  the  contract  of  the  purchaser  is 
being  performed,  to  all  parts  of  the  manufacturer's  works  which 
concern  the  manufacture  of  castings  ordered.  The  manufacturer  shaU 
afford  the  inspector,  without  charge,  all  reasonable  facilities  to  satisfy 
him  that  the  castings  are  being  furnished  in  accordance  with  these 
specifications.  All  tests  (except  check  analyses)  and  inspection  shaU 
be  made  at  the  place  of  manufacture  prior  to  shipment,  unless  other- 
wise specified,  and  shall  be  so  conducted  as  not  to  interfere  unneces- 
sarily with  the  operation  of  the^works. 
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19.  (a)  Unless  otherwise  specified,  any  rejection  based  on  tests  RejecUon. 
made  in  accordance  with  Section  7  shall  be  reported  within  five  working 

days  from  the  receipt  of  samples. 

{b)  Castings  which  show  injurious  defects  subsequent  to  their 
acceptance  at  the  manufacturer's  works  will  be  rejected,  and  the 
manufacturer  shall  be  notified. 

20.  Samples  tested  in  accordance  with  Section  7,  which  represent  Rehearing, 
rejected  castings,  shall  be  preserved  for  two  weeks  from  the  date  of  the 

test  report.    In  case  of  dissatisfaction  with  the  results  of  the  tests, 
the  manufacturer  may  make  claim  for  a  rehearing  within  that  time. 
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TENTATIVE  SPECIFICATIONS 
FOR 
FOUNDRY  PIG  IRON.* 

Serial  Desigiiation:  A  43-22  T. 

This  is  a  Tentative  Standard  only,  published  for  the  purpose  of  eHdting  criti- 
cism and  suggestions.  It  is  not  a  Standard  of  the  Society  and  until  its  adoption  as 
Standard  it  is  subject  to  revision. 

IssUBD,  1922. 
I.    MANUFACTURE, 

1.  The  pig  iron  shall  be  clean  foundry  pig  iron,  as  free  as  possible 
from  an  excessive  amount  of  dross  and  sand,  and  may  be  either  sand 
or  machine  cast. 

II.    CHEMICAL  PROPERTIES. 

2.  (a)  The  pig  iron  shall  conform  to  t£e  chemical  requirements 
specified  by  the  purchaser  at  the  time  of  purchase,  with  the  following 
permissible  variations  from  the  specified  percentages: 

Vakxation  raoM 
BUDCBNT.  SPBCmSD  Pbrcbntagb. 

Siliam .0.25  per  cent  above  and  bdow 

Sulfur not  over  specified  percentage 

Total  carbon not  ten  than     "  •* 

Manganese 0.20  per  cent  above  and  below 

Phosphorus 0.15    "     "        «        •'      " 

(b)  The  percentages  specified  for  phosphorus  and  manganese 
may  be  used  as  maximum  or  minimtmi  figures,  but  unless  so  q)ecified 
they  shall  be  considered  to  be  subject  to  the  variations  given  above. 

III.    SAMPLING  AND  ANALYSIS. 

3.  (a)  In  sampling  each  carload,  or  its  equivalent,  shall  be  con- 
sidered as  a  unit 

(b)  One  pig  shall  be  taken  to  eveiy  four  tons  in  the  car,  and  they 
shall  be  so  chosen  from  different  parts  of  the  car  as  to  secure,  as  nearly 
as  possible,  a  sample  representing  the  average  quality  of  the  iron. 

(c)  The  pigs  thus  taken  shall  be  sampled  by  drilling  so  as  to 
fairly  represent  the  composition  of  the  pigs  as  cast. 

*  These  tentative  tpedficatione.  when  adopted  as  standard,  will  supersede  the  present  Standard 
Specifications  for  Foundry  Pig  Iron  (Serial  Designation  :  A  43-09),  1921  Book  of  A.S.T.M.  Standards. 

Criticisms  of  these  Tentotive  Specifications  are  solicited  and  should  be  directed,  preferably  before 
January  1.  1923.  to  Mr.  O.  C.  Davies,  Secretary  of  Committee  A-3  on  Cast  Iron,  1410  Real  Estate 
Trust  Building.  Philadelphia.  Pa. 

(5^6) 
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(d)  An  equal  weight  of  the  drillings  from  each  pig  shall  be  thor- 
ougly  mixed  to  make  up  the  sample  for  anal3rsis. 

4.  It  is  recommended  that  analyses  be  made  in  accordance  with  Anmiytit. 
the  Standard  Methods  of  Sampling  and  Chemical  Analysis  of  Pig 

and  Cast  Iron  (Serial  Designation:  A  64)  of  the  American  Society 
for  Testing  Materials.^ 

IV.    INSPECTION  AND  REJECTION. 

5.  In  case  of  dispute,  the  sampling  and  chemical  analysis  shall  latptcUon. 
be  made  in  accordance  with  the  Standard  Methods  of  Sampling 

and  Chemical  Analysis  of  Pig  and  Cast  Iron  (Serial  Designation  :  A  64) 
of  the  American  Society  for  Testing  Materials^  by  an  independent 
chemist,  mutually  agreed  upon,  if  practicable,  at  the  time  the  contract 
is  made,  whose  decision  shall  be  final.  The  cost  of  such  re-sampling 
and  re-analysis  shall  be  borne  by  the  party  in  error. 

6.  All  pig  iron  which  fails  to  conform  to  these  specifications  shall  Rtjeetion. 
be  subject  to  rejection. 


APPENDIX. 


In  using  these  specifications  it  is  not  advised  that  all  five  elements 
be  specified  in  all  contracts  for  pig  iron,  but  it  is  recommended  that, 
when  these  elements  are  specified,  the  following  percentages  be  used, 
and  for  convenience  the  accompanying  code  is  endorsed: 

Silicon.  Sulfur. 


Pbr 

Pn 

Cent. 

Cods. 

Cbnt. 

CoDB. 

1.00 

La 

0.04 

Sa 

1.50 

Le 

0.05 

Se 

2.00 

Li 

0.06 

Si 

2.50 

Lo 

0.07 

So 

3.00 

Lu 

0.08 

Su 

3.50 

Ly 

0.09 

Sy 

(0.25  aUowed  either  way) 

0.10 

Sh 

(Maximum) 

Total  Carbon. 

Manoanbsb. 

Phosphorus. 

Pn 

Pn 

Pbr 

CWT. 

Code, 

Cbnt. 

CODB. 

Cbnt. 

CODB. 

3.00 

Ca 

0.20 

Ma 

0.20 

Pit 

3.20 

Ce 

0.40 

Me 

0.40 

Pe 

3.40 

a 

0.60 

Mi 

0.60 

Pi 

3.60 

Co 

0.80 

Mo 

0.80 

P6 

3.80 

Cu 

1.00 

Mu 

1.00 

Pu 

(Minimum] 

1 

1.25 

My 

1.25 

py 

1.50 

Mb 

1.50 

Ph 

(0.20  allowed  either  way) 

(0.15  aUowedelth«r  way) 

•  1921  Book  of  A.8.T.M.  Standards. 
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lUoitratUMi  of  the  use  of  above  oodisg:  The  wotd  li-M-ca-mo-pi  indtcfttei 
SiiJoow.  SuLvuft.  Casbok.  Mamganbib.  Paovaocus. 

2.00  0.05  3.00  0.80  0.60 

with  ▼aruttions  as  allowed. 

Percentages  of  any  element  specified  half  way  between  the  above 
shall  be  designated  by  the  addition  of  the  letter  X  to  the  next  lower 
symbol. 

Example. — PeX  indicates  Phosphorus  0.50,  with  allowed  variatioiis  (0.15)  up 
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TENTATIVE  SPECIFICATIONS 

FOR 
CHILLED  CAST-IRON  WHEELS.^ 

Serial  Designation:  A  45-22  T. 

Thia  18  a  Tentative  Standard  only,  published  for  the  purpose  of  elidting  criti- 
cism and  sosgestions.  It  is  not  a  Standard  of  the  Society  and  until  its  adoption  as 
Standard  it  is  subject  to  revision. 

Issued,  1921;  Rbvisbd»  1922. 

I.    MATERIAL. 

1.  Wheels  shall  be  made  of  a  mixture  of  such  composition  that  Material, 
will  produce  the  required  chill  in  the  tread  and  not  show  any  mottled 

iron  in  the  plates  except  around  the  chaplets  where  it  shall  not  extend 
more  than  J  in.  (12.7  mm.).    (The  use  of  steel  chaplets  is  preferred.) 

II.    CHEMICAL  REQUIREMENTS. 

2.  (a)  The  wheels  shall  conform  to  the  following  requirements  Chtmicai 
as  to  chemical  composition:  Competition. 

MiNDcuif.  Maximum. 

Total  Carbon,  per  cent 3.25  

Combined  Carbon,  per  cent 0. 85 

Silioon,  per  cent 0.45  0. 75 

Manganese,  per  cent 0. 50  0. 75 

Phosphorus,  per  cent 0. 40 

Sulfttr,  per  cent 0. 18 

(b)  The  ntiinimum  percentage  of  manganese  shall  be  not  less  than 
three  times  the  sulfur  content. 

3.  Analysis  shall  be  made  by  the  manufacturer  from  test  blocks  Analyses, 
poured  during  the  day's  melt  from  each  cupola  from  which  wheels 
purchased  under  these  specifications  are  poured  to  determine  the 
percentages  of  total  carbon,  manganese,  phosphorus,  sulfur  and  silicon. 

^  These  tentative  spedfieationB  are  in  effect  a  revision  of  the  Standard  Specifications  for  Cast- 
iron  Car  Wheels.  The  Standard  Specifications,  which  were  last  published  iinder  the  Serial  Designation : 
A  46  -  05,  have  accordingly  been  withdrawn. 

Criticisms  of  these  Tentative  Specifications  are  solicited  and  should  be  directed,  preferably  before 
January  1,  1923.  to  Mr.  G.  C.  Davies.  Secretary  of  Committee  A-3  on  Cast  Iron,  1410  Real  Estate 
TntH  Building,  Philadelphia.  Pa. 
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Check 
Analyses. 


The  chemical  composition  thus  determined  shall  be  reported  to  the 
purchaser  or  his  representative  upon  request. 

4.  Drillings  for  check  chemical  analysis  shall  be  taken  from  drill 
hole  bored  entirely  through  the  back  double  plate  of  the  wheel  midway 
between  the  core  leg  holes. 


Pstterns. 


Dimensions. 


Taping. 


Weifhts. 


III.    DIMENSIONvS.  WEIGHT  AND  DESIGN  OP  WHEELS. 

5.  Patterns  and  chillers  shall  be  such  that  they  will  produce 
wheels  according  to  the  dimensions  shown  on  drawings  furnished  by 
the  purchaser. 

6.  The  normal  circumference  conforming  to  the  specified  diameter 
shall  be  measured  at  a  point  Iff  i^*  (43.65  mm.)  from  the  gaging  point 
on  the  throat  of  the  flange.  Wheels  shall  not  vary  more  than  ^  in. 
(11.11  mm.)  above  or  below  normal  size,  measured  on  the  circum- 
ference, but  only  ^  in.  (7.94  mm.)  variation  above  or  below  normal 
size  shall  be  allowed  for  any  day's  cast  from  one  cupola. 

The  thickness  of  the  flange  shall  be  regulated  by  a  maximum  and 
minimum  flange  thickness  gage  which  shall  be  not  more  than  ^  in. 
(1.59  mm.)  over  nor  more  than  ^  in.  (1.59  mm.)  under  the  normal 
flange. 

7.  All  wheels  shall  be  taped  with  a  standard  design  of  wheel  cir- 
cumference tape  and  have  the  mmtibers  1,  2,  3,  4,  and  5  stamped  |  in. 
(3.18  mm.)  apart,  the  figure  "3"  to  represent  normal  tape  size  limited 
by  t^  in.  (1.59  mm.)  over  or  under  the  standard  circumference,  which 
for  33  in.  (838.2  mm.)  wheels  will  be  103.67  in.  (2633.2  mm,).  The 
figure  "  1 "  shall  represent  the  smallest  diameter,  and  the  figure  "5" 
the  largest  diameter.  Tape  sizes  shall  be  stenciled  in  plain  figures  on 
the  plate  of  the  wheel  or  otherwise  designated,  as  may  be  required  by 
the  purchaser. 

8.  (a)  If  wheels  are  ordered  in  accordance  with  A.R.A.  standard 
drawings  the  weights  shall  be  as  follows: 

Maximum  Gross  Wbight  Normal  Wxight       Minimum  Wbight 

OF  Car.  op  Wbbbl.  or  Wbsbl. 

LB.  KG.  LB.         KG.  LB.       KO. 

95  000  43  000 650  295  640  290 

132  000  59  750 700  317  690  313 

169  000  76  500 750  340  740  335 

210  000  95  250 850  385  835  380 

(b)  In  the  case  of  wheels  ordered  with  cores  smaller  in  diameter 
than  the  standard,  the  additional  weight  shall  be  considered  as  ad- 
ditional to  the  normal  weight  given  in  the  above  table  and  be  paid  for 
by  the  purchaser. 
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(c)  In  any  shipment  where  the  average  weight  of  wheels  is  above 
the  nonnal  weight  given  in  the  above  table  the  excess  weight  shall  be 
at  the  expense  of  the  manufacturer. 

IV.    INSPECTION. 

9.  Manufacturers  shall  notify  the  purchaser  when  ready  to  make  intptction. 
shipment  and  shall  furnish  all  necessary  facilities  and  labor  to  enable 

the  inspector  to  make  test  and  prompt  shipment  of  wheels. 

10.  The  body  of  the  wheel  shall  be  free  from  slag,  shrinkage,  or  surface, 
blow  holes.    The  tread  and  throat  shall  be  free  from  irregular  wrinkles, 

slag,  sand  wash,  chill  cracks  or  sweat.  Wheels  will  not  be  rejected  on 
account  of  cracks  around  the  circumference  of  the  center  core  com- 
monly known  as  "drawn  hubs"  or  slight  shrinkage  holes  on  the  face  of 
the  hub  which  will  not  interfere  with  the  prop)er  mounting  of  the  wheels. 

11.  All  wheels  shall  be  marked  and  numbered  consecutively  in  Marking, 
accordance  with  instructions  issued  by  the  purchaser.     All  wheels 

shall  have  the  initials  of  the  purchaser,  wheel  number,  weight  of  wheel, 
month,  day  and  year  when  made  plainly  cast  on  the  inside  plate  of  the 
wheel.  No  wheels  shall  have  duplicate  numbers  and  all  indistinct  or 
duplicate  numbers  may  be  corrected  only  after  having  received  the 
approval  of  the  inspector.  All  wheels  shall  have  the  name  of  the 
manufacturer  and  place  of  manufacture  cast  on  the  outside  plate 
of  the  wheel. 

12.  When  ready  for  inspection,  the  wheels  shall  be  arranged  in  sampUnc 
groups,  all  wheels  of  the  same  date  being  grouped  together,  and  for 

each  102  wheels  which  pass  inspection  and  are  ready  for  shipment,  two 
representative  wheels  shall  be  taken,  one  of  which  shall  be  subjected 
to  the  thermal  test  and  the  other  shall  be  used  for  the  drop  test. 

13.  (a)  In  making  the  thermal  test  the  wheels  shall  be  laid  with  Tharmai 
the  flange  downward  in  the  sand  and  a  channel-way  l|-in.  (44  mm.)  ''•■^• 
in  width  at  the  center  of  the  tread  for  all  wheels  up  to  and  including 

700  lb.  in  weight  and  2  in.  (51  mm.)  in  width  at  the  center  of  the  tread 
for  all  wheels  over  700  lb.  in  weight  and  4  in.  (102  mm.)  deep  shall  be 
molded  in  green  sand  around  the  wheel,  the  tread  of  the  wheel  to  form 
one  side  of  the  channel-way  and  the  clean  flange  forming  as  much  of 
the  bottom  as  its  width  will  cover.  This  channel-way  shall  be  filled  with 
molten  cast  iron  which  shall  be  hot  enough  when  poured,  so  that  the 
ring  ca3t,  when  the  metal  is  cold,  will  be  solid  and  free  from  wrinkles. 
The  time  when  pouring  ceases  shall  be  noted  and  after  two  minute« 
has  elapsed  an  examination  of  the  wheel  shall  be  made.  If  any  cracks 
develop  in  any  part  of  the  wheel,  all  wheels  bearing  the  same  tape  size 
as  represented  by  the  sample  shall  be  rejected. 
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(b)  In  order  to  prevent  spitting  while  pouring,  the  tread  and 
flange  may  be  covered  with  a  coat  of  shellac.  Wheels  selected  for  test 
which  are  wet  or  which  have  been  exposed  to  snow  or  frost  may  be 
warmed  sufficiently  to  dry  them  or  remove  the  frost  before  testing,  but 
under  no  circumstances  shall  the  thermal  test  be  applied  to  a  wheel 
that  in  any  part  feels  warm  to  the  hand. 
Drop  Tett.  14.  (a)  The  anvil  of  the  drop  testing  machine  shall  be  supported 

on  rubble  masonry  or  a  concrete  foundation  at  least  2  ft.  (610  mm.) 
deep  and  shall  weigh  not  less  than  1700  lb.  (770  kg.).  The  striking 
face  of  the  tup  shall  be  9  in.  (229  mm.)  in  diameter  and  flat.  The  face 
of  each  of  the.  three  bosses  supporting  the  wheel  under  test  shall  be 
flat  and  measure  5  in.  (127  mm.)  in  width. 

(6)  The  test  wheel  shall  be  so  placed  on  the  three  supports  with 
the  flange  down,  that  the  tup  will  strike  centrally  on  the  hub.  The 
test  wheel  shall  pass  the  requirements  given  in  Table  I  without  breaking 
in  two  or  more  pieces.  If  the  test  wheel  fails,  all  wheels  bearing  the 
same  tape  size  shall  be  rejected. 

Table  I. 

Weight  of  Weight  of     Height  or 

Wheel.  Tup.        Drop.      Numbsk 

LB.  'kg.  lb.   kg.       ft.   m.    of  Blows. 

650  295 250  113  9  2.75  12 

700  317 250  113  lOj  3.20  12 

750  340 250  113  12  3.65  12 

*850  385 250  113  15  4.60  12 

(c)  If  the  test  wheel  cracks  before  the  twelfth  blow  it  shall  be 
required  to  stand  15  blows  before  breaking  in  two  or  more  pieces. 
ChlUTett.  15.  The  wheel  selected  for  the  drop  and  thermal  test  shall,  follow- 

ing such  test,  be  broken  so  that  the  chill  may  be  examined  at  at  least 
four  different  portions  of  the  wheel.  The  depth  of  pure  white  iron 
shall  conform  to  the  following  requirements: 

Maximum  Depth.  Minimum  Dbptb. 

Weight  OF                                               At  Middle  At  Middlb 

Wheel.                                                 of  Tread.        At  Throat.  of  Tread.     At  Throat. 

Lb.      Kg.                                               in.        mm.         in.     mm.  in.     mm.           in.       mm. 

650  295 1  25.4  }  22.2  i  12.7  |  9.5 

700  317 lA  27.  I  22.2  i  12.7  A  ll.l 

750  340 li  28.6  }  22.2  }  12.7  i  12.7 

850  385 li  28.6  }  22.2  }  12.7  i  12.7 

The  depth  of  the  chill  shall  not  vary  more  than  J  in.  (6.35  mm.) 
in  the  middle  of  the  tread  on  the  different  portions  measured.     If  the 
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sample  does  not  confonn  to  the  requirements  stated,  all  wheels  of  the 
tape  size  represented  by  the  sample  shall  be  rejected. 

Notb:  The  chill  and  physical  tests  specified  only  cover  35-in.  wheels  of  the 
weights  listed.  Requirements  for  wheels  of  other  sizes  are  to  be  supplied  by  the 
committee. 

V.    RETEST. 

16.  Should  the  test  wheel  selected  for  the  drop  test,  thermal  test,  Retett. 
or  chill  test  fail  to  meet  the  requirements  specified,  all  wheels  bearing 

the  same  tape  size  shall  be  rejected  (Sections  13,  14  and  15).  The 
inspector  shall  then  select  another  wheel  of  a  different  tape  size,  which 
shall  be  submitted  to  the  same  test  as  the  wheel  which  failed  and  if  it 
passes  the  requirements  of  the  test  the  remainder  of  the  lot  shall  be 
accepted,  provided  the  requirements  of  all  other  tests  have  been  met 

VI.    REJECTION. 

17.  The  numbers  of  all  wheels  which  have  been  rejected  because  Rejection, 
of  failure  to  meet  the  requirements  of  the  drop  test,  thermal  test,  or 

chill  test  shall  be  noted  and  such  wheels  shall  not  be  submitted  for 
test  at  any  future  time. 

18.  Individual  wheels  shall  be  rejected  if :  individual 
(a)  They  are  under  the  minimum  weight  specified; 

(&)  They  have  surface  defects  mentioned  in  Section  10; 
(c)  They  are  over  or  under  the  specified  dimensions. 


As  information  of  possible  value  to  tbt  users  of  these  spedfications,  Com- 
mittee A-3  on  Cast  Iron  wishes  to  state  that  the  Association  of  Manufacturers 
of  Chilled  Car  Wheels  have  adopted  recommended  designs  of  cast-iron  car 
wheels  of  24,  26,  28,  30,  33,  36,  39  and  42-in.  diameter.  The  designs  for  the 
33-in.  diameter  wheels  have  been  approved  by  the  American  Railway  Asso- 
ciation. The  wheels  for  which  designs  have  been  made,  the  standard  for 
maximum  load  and  estimated  weight  of  the  wheels  are  given  below. 

Standard  fob 
DiAMBTBR  Maximum  Load    Bstimatbo 

OF  Whbbl.  psr  Wusbl.      Wbight. 

IN.  LB.  LB. 

24 6  000  320 

24 9  000  360 

24 12  000  400 

24 16  000  440 

26 6  000  360 

26 !9  000  410 

26 12  000  460 

26 16  000  510 
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Standard  for 

DiAMBTSR                              Maxdum  Load  Estimatbd 

OF  Whbsl,  pbr  Whbbl,  Wsigbt. 

IN.  LB.  LB. 

28 6  000  410 

28 9  000     ,    460 

28 12  000  510 

28 16  000  560 

30 6  000  485 

30 9  000  530 

30 12  000  575 

30 16  000  615 

33 11  875  650 

33 16  500  700 

33 21  125  750 

33 26  250  850 

36 12  000  740 

36 16  000  800 

36 20  000  860 

36 25  000  980 

39 16  000  875 

39 20  000  950 

39 25  000  1  100 

42 16  000  1  000 

42 20  000  I  075 

42 25  000  1  225 
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TENTATIVE  SPECIFICATIONS 

FOR 

HIGH-TEST  GRAY-IRON  CASTINGS.' 

Serial  Desigiiation:  A  88-22  T. 

This  is  a  Tentative  Standard  only,  published  for  the  purpose  of  eliciting  criti- 
cism and  suggestions.  It  is  not  a  Standard  of  the  Society  and  until  its  adoption  as 
Standard  it  is  subject  to  revision. 

Issued,  1922. 

1 .  These  specifications  cover  all  classes  of  gray-iron  castings  which  Material 
are  required  to  have  a  high  strength,  including  those  generally  known  ^^^^^^ 
as  semi-steel  castings. 

2.  The  tension  test  will  be  made  only  when  specified  by  the  Bads  of 
purchaser  and  at  his  expense.  PMthast. 

I.    MANUFACTURE. 

3.  The  castings  may  be  made  by  the  cupola,  or  any  other  approved  Pracess. 
process. 

II.    PHYSICAL  PROPERTIES  AND  TESTS. 

4.  (a)  The  transverse  test  specimens   (arbitration  test  bars)  TraasT«ni« 
specified  in  Section  6  (a),  when  placed  horizontally  upon  supports  12  ^•■•■* 

in.  apart  and  tested  under  a  centrally  applied  load,  shall  withstand  a 
minimum  load  of  3800  lb.  and  deflect  under  this  load  at  least  0.12  in. 
at  the  center. 

(6)  The  rate  of  application  of  the  load  shall  be  such  that  a  central 
deflection  of  0.10  in.  is  produced  in  from  20  to  40  seconds. 

5.  When  tension  tests  are  specified,  the  tension  test  q)ecimen  shall  Tension 
show  a  minimum  tensile  strength  of  28,000  lb.  per  sq.  in.  ^*^' 

6.  (a)  ArbikaHan  Test  Bar. — ^The  form  and  dimensions  of  the  Teat 
mold  for  the  arbitration  test  bar  shall  be  in  accordance  with  Fig.  1.  ®'^"•"•• 
The  bottom  of  the  bar  shall  be  ^  in.  smaller  in  diameter  than  the  top,     . 

to  allow  for  draft  and  for  the  strain  of  pouring.  The  pattern  shall  not 
be  rapped  before  withdrawing.  The  flask  shall  be  rammed  up  with 
green  molding  sand,  a  little  damper  than  usual,  well  mixed  and  put 
through  a  No.  8  sieve,  with  a  mixture  of  1  to  12  bituminous  facing. 
The  mold  shall  be  rammed  evenly  and  fairly  hard,  thoroughly  dried, 
and  not  cast  until  it  is  cold.  The  test  bar  shall  not  be  removed  from 
the  mold  until  cold  enough  to  be  handled.  It  shall  not  be  rumbled  or 
otherwise  treated,  being  simply  brushed  off  before  testing. 

>  Criticims  ol  theae  Tentative  Spedficatiofis  are  eoUcited  and  thouid  be  directed,  preferably  before 
Jantiary  1,  1923.  to  Mr.  G.  C.  Daviea.  Secretary  of  Committee  A^  on  Cast  Iron.  1410  Real  Eetata 
Traat  BuildiBf ,  PMIadelphia,  Pa. 
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Number  of 
Ttitt. 


(6)  Tension  Test  Specimen. — ^When  tension  tests  are  specified, 
the  tension  test  spedmen  shall  be  turned  from  any  of  the  broken  pieces 
of  the  transverse  test  spedmens,  and  shall  conform  to  the  dimensions 
shown  in  Fig.  2. 

7.  (a)  Two  sets  of  two  arbitration  test  bars  each  shall  be  cast 
from  each  melt,  one  set  from  the  first  and  the  other  set  from  the  last 
iron  going  into  the  castings.     Where  the  melt  exceeds  20  tons,  an 
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Fig.  1.— Mold  for  Arbitration  Test  Bar. 

additional  set  of  two  bars  shall  be  cast  for  each  additional  20  tons  or 
fraction  thereof.  In  case  of  a  change  of  mixture  during  the  melt,  one 
set  of  two  bars  shall  also  be  cast  for  every  mixture  other  than  the 
regular  one.    Each  set  of  two  bars  shall  be  cast  in  a  single  mold. 

When  a  large  casting  is  made  for  which  test  bars  are  required,  the 
test  bar  shall  be  cast  from  the  same  ladle  of  iron  used  to  pour  the  cast- 
ing.    If  two  ladles  are  used  for  pouring  the  casting,  the  iron  for  the 
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test  bars  shall  be  poured  from  a  ladle  of  iron  caught  between  the  pour- 
ing of  these  two  ladles.  In  either  case  the  test  bars  shall  be  poiured  at 
as  near  as  p)ossible  the  same  temperature  at  which  the  casting  is  poured. 
(b)  All  arbitration  test  bars  cast  shall  be  tested  as  specified  in 
Section  4  (a). 

8.  One  arbitration  test  bar  of  each  set  cast  shall  conform  to  the  Requirements, 
requirements  specified  in  Section  4  (a) ;  otherwise  the  castings  repre- 
sented by  such  bars  shall  be  rejected. 

III.    WORKMANSHIP  AND  FINISH. 

9.  The  castings  shall  be  true  to  pattern,  and  free  from  gas  holes,  Finieh, 
cracks,  flaws  and  excessive  shrinkage.     In  other  respects  they  shall 
conform  to  whatever  points  may  be  specially  agreed  upon  between 

the  manufacturer  and  the  purchaser. 

, —  Sfandard  Threads- 
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IV.  INSPECTION. 
10.  The  inspector  representing  the  purchaser  shall  have  free  iiupection. 
entry,  at  all  times  while  work  on  the  contract  of  the  purchaser  is  being 
performed,  to  all  parts  of  the  manufacturer's  works  which  concern 
the  manufacture  of  the  castings  ordered.  The  manufacturer  shall 
afford  the  inspector  without  charge,  all  reasonable  facilities  to  satisfy 
him  that  the  castings  are  being  furnished  in  accordance  with  these 
specifications.  All  tests  and  inspection  shall  be  made  at  the  place 
of  manufacture  prior  to  shipment,  imless  otherwise  specified,  and  shall 
be  so  conducted  as  not  to  interfere  unnecessarily  with  the  operation  of 
the  works. 
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TENTATIVE  METHODS  OF   CHEMICAL  ANALYSIS 

OP 

PLAIN  CARBON  STEEL.* 

Serial  Designation:  A  33-22  T. 

This  is  a  Tentative  Standard  only,  published  for  the  purpose  of  eliciting  criti- 
cism and  suggestions.  It  is  not  a  Standard  of  the  Society  and  until  its  adoption  as 
Standard  it  is  subject  to  revision. 

Issued,  1922. 

DETERMINATION  OP  CARBON  BY  THE  DIRECT-COMBUSTION 

METHOD. 

The  method  of  direct  combustion  of  the  metal  in  oxygen  is  recom- 
mended, the  carbon  dioxide  obtained  being  absorbed  in  either  (a) 
soda  asbestos  with  suitable  purifying  and  protecting  trains  following 
the  furnace,  or  {b)  barium  hydroxide  solution,  the  precipitated  barium 
carbonate  filtered  off,  washed,  dissolved  in  a  measured  excess  of  hydro- 
chloric add  and  the  excess  titrated  against  standard  alkali.  Owing  to 
the  diversity  of  apparatus  by  which  correct  results  may  be  obtained 
in  the  determinations  of  carbon,  the  recommendations  are  intended 
more  to  indicate  what  is  acceptable  than  to  prescribe  definitely  what 
shall  be  used. 

Apparatus  and  Reagents  Common  to  Both  Methods. 

Matmalfar  Lining  Boats. — ^Alundum,  "RR  Alimdum,  alkali-free, 
specially  prepared  for  carbon  determination/'  as  supplied  by  dealers 
is  suitable,  and  is  recommended.  The  90-mesh  or  finer  grades  are  used. 
Low-silica  chrome  ore,  properly  sized  and  freed  from  materials  causing 
a  blank,  may  also  be  employed.  No  substance  containing  alkali 
or  alkaline  earth  metals,  or  carbon  as  carbonates  or  in  other 
form,  should  be  used  as  a  lining  material.    Quartz  sand,  owing  to  its 

s  ThflM  mcthodi,  when  adopted  m  itaadard,  will  supersede  the  present  Standard  Methods  of 
Chemical  Analysis  of  Plain  Carbon  Steel  (Serial  Designation:  A  33  -  14),  1921  Book  of  A.&T.M. 
Standards.  * 

Criticisms  of  these  Tentative  Methods  are  solicited  and  should  be  directed  to  Mr.  O.  H.  Wood* 
roffe,  Secretanr  of  Committee  A-1  on  Steel.  Parkesburg  Iron  Co..  Parkesburg,  Pa. 
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liability  to  fuse  or  to  slag  with  the  oxides  of  iron,  causing  bubbles  of 
gas  to  be  enclosed,  is  objectionable.  Aluminum  oxide,  made  by  cal- 
cining alum  or  otherwise,  often  contains  sulfate  not  easily  destroyed, 
or  may  contain  objectionable  substances  of  an  alkaline  nature. 

Catalyzers. — Suitable  catalyzers  are  asbestos,  copper  oxide,  plati- 
nized quartz  or  asbestos,  or  platinum  gauze.  One  of  these  should  be 
used  in  the  forward  part  of  the  combustion  apparatus,  as  well  as  in  the 
preheater  preceding  the  combustion  tube  (see  below).  Platinized 
materials  sometimes  give  off  volatile  substances  on  heating,  and  what- 
ever material  is  used  should  not  be  subject  to  this  defect. 

Combustion  Apparatus. — ^Any  apparatus  heated  by  electricity  or 
gas  which  will  bring  the  sample  to  a  temperature  of  950  to  1100®  C. 
may  be  used.  Combustion  tubes  may  be  porcelain,  glazed  on  one  or 
both  sides,  quartz  or  platinum.  Quartz  is  liable  to  devitrification  when 
used  continuously  at  temperatures  above  1000°  C,  and  may  then 
become  porous. 

Boats  or  Other  Containers  of  Samples  Being  Burned. — These  may  be 
porcelain,  quartz,  alimdum,  clay,  platinum,  or  nickel,  and  should 
always  receive  a  lining  of  granular  alundum  or  any  other  material 
found  to  be  suitable  for  the  purpose.  Nickel  boats  should  not  be 
made  of  sheet  nickel  containing  more  than  0.3  per  cent  of  carbon. 
New  boats  should  always  be  preheated  in  oxygen  before  use.  In  order 
to  prevent  spattering  and  attack  of  the  tube,  a  platinum  or  nickel 
cover  open  at  both  ends  and  allowing  free  access  of  oxygen,  is 
desirable. 

Purifying  Train  Before  Combustion  Apparatus. — This  consists 
of  a  tower  filled  with  soda-asbestos,  soda-Ume  or  granular  sodium 
hydroxide  preceded  by  a  preheater  when  necessary. 

Oxygen. — Oxygen  of  not  less  than  97  per  cent  purity  is  recom- 
mended. Endeavor  should  be  made  to  obtain  oxygen  which  gives  no 
blank,  since  the  correction  for  or  elimination  of  this  is  troublesome  and 
uncertain.  For  the  most  accurate  work,  particularly  with  low-carbon 
products,  such  as  ingot  iron,  etc.,  the  blank  should  be  completely 
eliminated  by  the  use  of  a  preheater  before  the  furnace,  with  a  carbon- 
dioxide  absorbent  interposed  between  furnace  and  preheater. 

Factors  Influencing  Rapid  Combustion. 

Size  of  Particles  of  Sample. — The  finer  the  chips  (short  of  dust, 
which  causes  low  values  on  a  hot  boat)  the  better,  except  with  samples 
which  bum  too  vigorously  (see  imder  Rate  of  Admitting  Oxygen). 
Particles  too  coarse  to  pass  a  20-mesh  sieve  are  not  recommended, 
nor  long  curly  drillings  which  will  not  pack  closely.    A  }-in.  flat  drill 
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may  be  used  for  takiijg  the  sample  and  the  pressure  and  speed  of  the 
drill-press  regulated  to  secure  the  desired  result;  or,  better  still,  the 
sample  may  be  obtained  with  a  small  milling  machine  suitable  for 
sampling,  or  by  a  shaping  machine.  Oil,  dust,  and  other  foreign 
matter  should  be  carefully  excluded. 

Manner  of  DistribuUng  Sample  in  Boat, — ^This  is  of  considerable 
importance.  With  all  samples,  close  packing  in  a  small  space  is  con- 
ducive to  rapid  combustion.  In  the  case  of  samples  which  bum  too 
vigorously,  a  satisfactory  regulation  may  sometimes  be  attained  by 
spreading  the  sample  loosely  over  the  lining  in  the  boat. 

Rate  of  Admitting  Oxygen. — ^The  rate  at  which  oxygen  is  admitted 
is  also  a  factor  in  the  velocity  of  combustion.  Assuming  the 
combustion  apparatus  to  be  heated  to  the  temperature  range 
above  recommended  (950  to  1100°  C),  it  is  possible,  if  the 
material  is  closely  packed  and  if  oxygen  is  admitted  at  too  rapid  a 
rate,  that  the  combustion  may  be  so  violent  as  to  cause  excessive 
spattering  of  fused  oxides,  and  such  fluidity  of  the  molten  slag  that  the 
boat  or  other  container  may  be  injured  or  destroyed;  therefore  a 
moderate  rate  of  burning  is  to  be  sought.  This  is  desirable  also  to 
insure  the  complete  absorption  of  the  carbon  dioxide.  The  factors, 
temperature  of  combustion,  apparatus,  manner  of  distribution  of 
sample,  and  rate  of  admission  of  oxygen,  can  be  governed  so  as  to 
bum  successfully  steels  of  a  very  wide  range  of  compositions  in  either 
fine  or  coarse  particles. 

(a)  Determination  of  Carbon  {Carbon  Dioxide  Absorbed  in  Soda- 
Asbestos). 

Special  Apparatus. 

Purifying  and  Protecting  Trains. — ^This  method  requires  a  purify- 
ing train  before  and  after  the  combustion  furnace.  The  purifying 
train  before  the  fumace  may  be  the  same  as  that  specified  under  (6), 
namely,  a  calcium-chloride  tower  filled  with  soda-asbestos,  soda-lime 
or  granular  sodium  hydroxide  placed  before  the  furnace,  or  between  the 
fumace  and  preheater,  if  the  latter  is  necessary  for  the  purpose  of 
oxidizing  organic  matter  in  the  oxygen.  The  purifying  train  after  the 
fumace  should  be  so  designed  that  it  will  accomplish  the  following: 
(l)  Remove  impalpable  oxide  of  iron  which  readily  passes  through 
loosely  packed  plugs  of  glass  wool  or  asbestos  or  even  solutions  through 
which  the  oxygen  is  rapidly  bubbled;  (2)  remove  oxides  of  sulfur 
which  are  always  formed;  (3)  dry  the  gases  before  entering  the  car- 
bon-dioxide absorber;   (4)  dry  the  gases  issuing  from  the  absorber 
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to  the  same  extent  as  when  they  entered;  and  (5)  protect  the  weighed 
carbon  dioxide  and  water  absorbents  from  outside  effects 

Absorbing  Bulbs. — No  special  types  are  recommended  although 
both  Fleming  and  the  Midvale  (sometimes  called  Stetzer  and  Norton) 
bulbs  have  proven  satisfactory.  When  filled,  the  tubes  should  not 
weigh  over  200  g.  and  they  should  always  be  weighed  filled  with 
oxygen  and  against  a  like  counterpoise.  Open  bulbs  such  as  the 
Midvale  lose  oxygen  by  diffusion.  They  should  be  filled  with  oxygen 
before  weighing  when  not  in  continuous  use,  and  the  same  time  inter* 
val  must  be  held  between  weighings. 

Absorbents, — ^The  most  desirable  absorbent  is  soda-asbestos.  The 
use  of  soda-lime  is  not  recommended  imless  the  reagent  has  been 
carefully  tested  and  found  to  be  satisfactory.  Pulverized  sodium 
hydroxide  may  be  used. 

General  Arrangement  of  Apparatus. — Fig.  1  presents  a  typical 
arrangement  in  works'  laboratories.  For  work  of  the  highest  accuracy 
or  with  very  low-carbon  steels  the  issuing  gases  in  this  train  would  be 
bubbled  through  concentrated  sulfuric  add  saturated  with  chromic 
add  before  passing  through  the  phosphorus  pentoxide  tube,  and  the 
upper  chamber  of  the  Fleming  bulb  would  be  filled  with  phosphorus 
pentoxide. 

Method. 

After  having  properly  set  up  and  tested  the  apparatus,  moderatdy 
pack  the  desired  wdght  of  steel  (in  the  form  recommended  above) 
on  the  bed  material  in  the  boat  and  introduce  the  boat  Into  the  com- 
bustion apparatus,  which  has  already  been  heated  to  the  proper 
temperature.  Admit  the  gas  after  §  to  1  minute  at  such  a  rate  that 
the  gases  leave  the  absorbents  at  the  rate  of  200  to  400  cc.  per  minute. 
The  sample  bums  completely  in  one  or  two  minutes,  and  all  that  is 
now  necessary  is  to  sweep  all  of  the  carbon  dioxide  into  the  absorption 
bulb.  Regulate  the  rate  of  flow  of  the  oxygen  between  200  and  400 
cc.  per  nunute  and  continue  the  flow  for  from  five  to  ten  minutes. 
Withdraw  the  absorption  tube  while  filled  with  oxygen,  place  by  the 
balance,  and  finally  weigh.  Remove  the  boat  from  the  tube  and 
examine  the  fusion  for  evidences  of  incomplete  combustion. 

Notes. 

1.  Oxides  of  sulfur  may  cause  a  positive  error  approximating  0.005  per  cent 
carbon  in  combustions  of  factor  weights  of  ordinary  steels  when  no  provision  is 
made  for  their  removaL  Sulfur  trioxide  can  be  almost  entirely  removed  by  inter- 
posing some  baffle  which  condenses  it,  such  as  asbestos,  phosphorus  pentoxide,  or 
sulfuric  add    Sulfur  dioxide  is  not  so  easily  removed;  the  most  satisfactory  medium 
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is  concentrated  sulfuric  add  saturated  with  chromic  add.     If  not  removed,  sulfur 
dioxide  may  cause  positive  errors  approximating  0.001  per  cent  carbon. 

2.  The  oxides  of  sulfur  which  are  fixed  and  accumulate  in  the  end  of  the  com- 
bustion tube  should  be  periodically  removed  by  heating  the  end  of  the  tube  in  the 
hot  zone  of  the  furnace. 

3.  In  accurate  work  or  when  dealing  with  low-carbon  steels  it  is  desirable  to 
indude  in  the  weighed  system  a  dehydrating  agent  which  will  dry  the  escaping 
gas  to  the  same  degree  as  when  it  entered  the  system.  The  loss  of  water  from  a 
good  grade  of  soda-asbestos  may  cause  losses  as  high  as  0.01  per  cent  carbon  in 
ordinary  combustions.  In  careful  work  it  is  also  desirable  to  protect  the  weighed 
system  from  moisture  and  carbon  dioxide  by  means  of  suitable  end  tubes. 

4.  Soda-asbestos  is  commercially  known  as  ''Ascarite"  and  directions  for  its 
preparation  are  to  be  found  in  the  Journal  Industrial  and  Engineerinz  Chemistry, 
Vol  8,  pp.  1038^  (1916).  For  the  use  of  granular  sodium  hydroxide  see  the  Journal 
Industrial  and  Engineering  Chemistry,  Vol.  13.  p.  1052  (1921). 

5.  In  some  laboratories  the  absorbing  bulbs  are  always  kept  in  the  balance 
case.  In  this  case  the  balances  are  placed  on  the  same  table  with  the  furnaces  and 
eadi  balance  usually  contains  two  absorbing  bulbs  which  are  connected  by  short 
lengths  of  rubber  tubing  to  glass  tubes  extending  out  of  the  balance  and  connecting 
with  a  pair  of  furnaces. 

6.  The  operator  should  occasionally  test  the  apparatus  and  his  technic  by 
means  of  Bureau  of  Standards  standard  steels  or  steels  which  have  been  standardized 
in  comparison  with  these. 

(b)  Determination  of  Carbon  (Carbon  Dioxide  Absorbed  in  Barium 
Hydroxide  SohiHon). 

SpEaAL  Apparatus. 

Purifying  Train. — ^This  method  eliminates  the  necessity  of  a 
purifying  train  following  the  furnace,  inasmuch  as  no  precautions  are 
necessary  to  prevent  access  of  water  vapor  or  oxides  of  sulfur  from 
the  absorbing  apparatus.  All  that  is  needed  is  the  purifjring  train 
before  the  combustion  apparatus  as  mentioned  above. 

The  Train  after  the  Combustion  Apparatus. — ^This  consists  merely 
of  the  Meyer  tube  for  absorption  of  the  carbon  dioxide,  protected  by 
a  soda-lime  or  soda-asbestos  tube  at  the  far  end.  Meyer  tubes  with 
7  to  10  bulbs  of  10  to  15-cc.  capacity  each,  and  large  bulbs  at  the 
ends,  having  volumes  equal  to  the  combined  capacity  of  the  small 
bulbs,  have  been  used  and  found  satisfactory. 

Filtering  Apparatus. — ^In  filtration  for  accurate  work,  care  should 
be  taken  to  protect  the  solution  from  access  of  extraneous  carbon 
dioxide.  This  is  accomplished  in  the  apparatus  shown  in  Fig.  2.  For 
work  requiring  less  accuracy,  the  barium  carbonate  may  be  filtered 
off  on  a  filter  made  by  fitting  a  carbon  funnel  with  a  perforated  por- 
celain disk  and  filtering  by  suction.     The  precipitate  is  then  washed 
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with  distilled  water  from  which  the  carbon  dioxide  has  been  removed 
by  boiling. 

Reagents. 

Tenth-normal  Hydrochloric  Acid, — ^This  may  be  standardized  by 
any  of  the  accepted  methods,  or  as  follows:  Measure  out  20  cc  of 
the  approximately  0.1  iV  acid  (free  from  chlorides)  with  a  pipette, 
and  precipitate  the  silver  chloride  by  an  excess  of  silver-nitrate  solu- 
tion in  a  volimie  of  50  to  60  cc.  After  digesting  at  70  to  80**  C.,  imtil 
the  supernatant  liquid  is  clear,  filter  off  the  chloride  on  a  tared  Gooch 
filter  and  wash  witii  water  containing  2  cc.  of  HNOa  (sp.  gr.  1.42)  per 
100  cc.  of  water  until  free  from  silver  nitrate.  After  drying  to  con- 
stant weight  at  130**  C,  note  the  increase  of  weight  over  the  original 
tare  and  from  this  weight,  corresponding  to  the  silver  chloride,  cal- 
culate the  strength  of  the  hydrochloric  add,  after  which  adjust  it  to 
the  strength  prescribed.  The  standardization  should  be  based  upon 
several  concordant  determinations  using  varying  amounts  of  add. 

1  cc.  0.1  N  HC1= 0.0006  g.  carbon. 

Methyl  Orange. — ^Dissolve  0.02  g.  of  methyl  orange  in  100  cc.  of 
hot  distilled  water  and  filter. 

Tenth-^nortnal  Sodium  Hydroxide  Solution. — Standardize  against 
the  hydrochloric  add.  Use  methyl  orange  as  the  indicator.  The 
sodium  hydroxide  solution  should  be  stored  in  a  large  bottle  from 
which  it  may  be  driven  out  by  air  pressure,  protecting  against  carbon 
dioxide  by  soda-lime  or  soda-asbestos  tubes. 

Barium  Hydroxide  Solution. — ^Filter  a  saturated  solution  and 
store  in  a  large  reservoir  from  which  it  is  delivered  by  air  pressure, 
protecting  from  carbon  dioxide  by  a  soda-lime  or  soda-asbestos  tube. 
In  each  determination  fill  three  or  four  small  bulbs  of  the  Meyer  tube, 
and  add  C02-free  water  until  the  remaining  small  bulbs  are  filled. 

Apparatus  and  Procedure  for  Filtration. 

The  apparatus  is  shown  to  approximately  one-tenth  size  in  Fig.  2, 
which  is  self-explanatory.  The  stop-cock  is  a  three-way  cock  con- 
nected to  the  suction  pipe.  The  rubber  tubing  connected  to  the 
Meyer  tube  should  be  of  best-grade  black  rubber,  and  the  lengths  used 
should  be  so  chosen  as  to  permit  of  easy  manipulation  of  the  tube. 
The  Meyer  tube  is  connected  or  disconnected  by  the  rubber  stoppers 
which  are  left  always  attached  to  the  rubber  tubes.  The  carbon  tube 
C  is  fitted  with  a  perforated  porcelain  plate  sliding  easily.  ^ 
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The  funnel  is  prepared  for  filtration  by  making  on  the  porcelain 
disk  a  felt  of  asbestos^about  i^  to  i  in.  in  thickness,  using  amphibole 
(not  serpentine)  asbestos  which  has  been  carefully  digested  with  strong 
hydrochloric  acid  for  several  hours  and  washed  with  water  until  it 
gives  no  acid  reaction.  On  top  of  the  asbestos  pad  is  placed  a  layer 
of  similarly  treated  quartz,  mixed  with  asbestos,  of  the  height  shown. 
A  mixture  of  quartz  grains  of  various  sizes  (approximately  50  per 
cent  passing  a  20-mesh  sieve  and  50  per  cent  passing  a  10-mesh  and 
remaining  on  a  20-mesh  sieve)  is  suitable.  The  mixture  of  quartz 
and  asbestos  may  be  obtained  by  filling  the  funnel  from  a  beaker 
(directing  against  it  a  stream  from  a  wash-bottle)  while  maintaining 
a  gentle  suction.  In  this  way  the  asbestos  is  properly  mixed  with 
the  quartz.     A  little  experience  and  attention  to  these  details  will 


Pig.  2. — ^Apparattts  for  Filtration  in  Determination  of  Carbon  by  the  Direct- 
Combustion  Method. 

enable  one  to  prepare  the  quartz-bed  in  a  manner  that  will  greatly 
expedite  filtration.  The  stopper  is  now  inserted  in  the  funnel,  the 
Meyer  tube  connected  as  shown  and  the  Uquid  and  precipitate  sucked 
into  the  funnel.  Only  a  gentle  suction  should  be  used.  When  neces- 
sary Pz  is  opened  to  admit  air  back  of  the  column  of  liquid  in  the 
Meyer  tube.  When  the  contents  of  the  Meyer  tube  have  been  trans- 
ferred, the  large  bulb  nearest  B  is  half  filled  with  water  by  opening 
Pi\  the  stop-cock  5  is  operated  during  this  and  subsequent  operations 
so  as  to  maintain  a  gentle  suction  all  the  time.  M  is  now  manipulated 
so  as  to  bring  the  wash  water  in  contact  with  all  parts  of  the  interior, 
after  which  the  water  is  sucked  through  C;  P2  is  left  open  during  this 
and  subsequent  washings.    After  eight  washings  as  directed,  allowing 
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the  wash  water  to  drain  off  thoroughly  each  time  before  adding  more, 
M  may  be  detached,  the  stopper  removed  from  the  funnel  and  the 
washings  completed  by  filling  C  to  the  top  with  COr-free  water, 
draining  completely  and  repeating  the  operation  once.  With  care  the 
washing  may  be  done  with  150  cc.  of  water.  Air  is  now  admitted 
through  the  side  opening  of  5,  C  is  removed  and  the  porcelain  disk 
carrying  the  asbestos,  quartz  and  barium  carbonate  is  thrust,  by 
means  of  a  long  glass  rod,  into  a  flask,  removing  any  adhering  particles 
from  the  sides  of  C,  by  a  stream  of  water  from  a  wash  bottle.  An 
excess  of  the  standard  acid  is  now  added  from  a  burette  or  pipette, 
using  a  portion  to  wash  out  Af ,  and  after  the  contents  of  the  flask 
have  been  thoroughly  agitated  by  shaking,  the  excess  of  add  is  titrated 
against  the  standard  alkali,  using  3  drops  of  the  methyl-orange 
indicator. 

Notes. 

The  operation  of  filtering  can  be  carried  out  very  rapidly  after  a  little  practice. 

Glass  wool  should  on  no  account  be  used  as  a  substitute  for  the  quartz,  on 
account  of  the  probability  of  errors  arising  from  its  attack  by  the  alkali  or  acid. 

It  is  well  to  wash  out  the  rubber  tubes  connected  to  the  Meyer  tube  with  a 
little  water  each  day  before  b^:inning  work. 

Method. 

After  having  properly  set  up  and  tested  the  apparatus,  place  2  g. 
of  steel  (Note  l)  in  the  form  recommended  above,  in  a  moderately 
packed  condition  on  the  bed  material  and  introduce  the  boat  into  the 
combustion  apparatus,  already  heated  to  the  proper  temperature. 
After  i  to  1  minute,  admit  oxygen  somewhat  more  rapidly  than  it 
is  consumed,  as  shown  by  the  rate  of  bubbling  in  the  Meyer  tube 
(Note  2).  A  rate  of  200  cc.  per  minute  is  satisfactory.  The  sample 
bums  completely  in  1  or  2  minutes,  and  all  that  is  now  necessary  is 
to  sweep  all  the  carbon  dioxide  into  the  absorption  apparatus.  This 
be  accomplished  in  5  to  10  minutes  by  passing  about  1  or  2  liters  of 
oxygen.  Detach  the  Meyer  tube  (Note  2)  and  filter  and  wash  the 
barium  carbonate,  using  the  special  filtering  apparatus  shown.  After 
solution  in  a  measured  excess  of  standard  hydrochloric  acid  (the  Meyer 
tube  being  washed  out  with  a  portion  of  the  acid,  to  remove  adhering 
barium  carbonate),  titrate  the  excess  of  acid  against  alkali  and  from 
the  data  thus  obtained  calculate  the  percentage  of  carbon. 

NOTBS. 

1.  When  working  with  steels  high  in  carbon  (above  1  per  cent)  it  is  advisable 
not  to  use  more  than  1  g.  in  order  that  filtration  may  be  sufficiently  rapid. 
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2.  As  a  precaution  against  error  resulting  from  too  rapid  passage  of  the  gases, 
it  is  well  to  attach  a  second  barium-hydroxide  tube  to  retain  any  carbon  dioxide 
that  may  pass  the  first. 

3.  For  the  most  accurate  work  the  Meyer  tubes  should  be  washed  with  dilute 
add  before  b^[inning  work  each  day.  After  a  determination  is  finished,  the  tube 
should  be  completely  filled  two  or  three  times  with  tap  water,  then  rinsed  with  dis- 
tilled water,  in  order  to  remove  the  carbon  dioxide  liberated  when  dissolving  the 
carbonate  from  the  previous  determination. 

4.  The  flask  containing  the  carbonate  should  be  thoroughly  agitated  after  adding 
the  add,  since  the  carbonate  sometimes  dissolves  rather  slowly  if  this  is  not  done; 
this  is  particularly  the  case  if  it  has  packed  much  during  filtration. 

DETERMINATION  OP  MANGANESE 

BY  THE 

BISMUTHATE  METHOD. 

(AbSBNCB  op  ColBALT.) 


Solutions  Required. 

Dilute  Nitric  Acid  {1  ;S),— Mix  500  cc.  of  HNO«  (sp.  gr.  1.42) 
and  1500  cc,  of  distiUed  water. 

Dilute  Nitric  Acid  (S :  P7).— Mix  30  cc.  of  HNO,  (sp.  gr.  1.42) 
and  970  cc.  of  distilled  water. 

Ferrous  Ammonium  Sulfate  Solution. — ^Dissolve  12  g.  of  ferrous 
ammonium  sulfate  in  a  mixture  of  950  cc.  of  distilled  water  and  50  cc, 
ofHiS04(sp.  gr,  1.84). 

Standard  Potassium  Permanganate  Solution. — ^Dissolve  1  g.  of 
KMn04  in  1000  cc.  of  distiUed  water.  Allow  it  to  stand  for  at  least 
one  week  and  then  filter  through  purified  asbestos.  Standardize 
against  the  Bureau  of  Standards  standard  sodium  oxalate  as  follows: 
In  a  200-cc.  beaker,  dissolve  0.1  g.  of  sodium  oxalate  in  75  to  100  cc. 
of  hot  water  (80  to  90''  C.)  and  add  4  cc.  of  H2SO4  (l  :  l).  Titrate 
at  once  with  the  permanganate  solution,  stirring  the  liquid  vigorously 
and  continuously.  The  permanganate  must  not  be  added  more 
rapidly  than  10  to  15  cc.  per  minute,  and  the  last  0.5  to  1  cc.  must 
be  added  dropwise,  with  particular  care  to  allow  each  drop  to  be 
fully  decolorized  before  the  next  is  introduced.  The  excess  of  per- 
manganate used  to  cause  an  end  point  color  must  be  estimated  by 
matching  the  color  in  another  beaker  containing  the  same  bulk  of 
acid  and  hot  water.  The  temperature  of  the  solution  should  not  be 
below  60®  C.  by  the  time  the  end  point  is  reached. 

Standard  Sodium  Arsenite  Solution. — Dissolve  2  g.  of  sodium 
arsenite  in  distiUed  water,  filter  if  necessary,  and  dilute  to  one  liter. 
Standardize  against  a  standard  permanganate  solution  such  as  the 
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above  by  titrating  10-cc.  portions  of  the  permanganate  solution  under 
the  acidity  and  dilution  conditions  obtaining  in  the  method.  A  clear 
green  color  free  from  brownish  or  purplish  tints  will  be  found  a  satis- 
factory and  reproducible  end  point.  The  solution  may  also  be  stand- 
ardized against  Bureau  of  Standards  standard  plain  carbon  steels. 

Method. 

In  a  300-cc.  Erlenmeyer  flask  dissolve  1  g.  of  steel  in  5Q  cc  of 
dilute  HNOs  (l  :  3),  anid  boil  to  expel  the  oxides  of  nitrogen.  Cool, 
and  add  about  0.5  g.  of  sodium  bismuthate  and  heat  for  a  few  minutes, 
or  until  the  pink  color  has  disappeared,  with  or  without  precipitation 
of  manganese  dioxide.  Add  small  portions  of  ferrous  sulfate  (or  any 
suitable  reducing  agent)  in  sufficient  quantity  to  clear  the  solution, 
and  boil  to  expel  the  oxides. of  nitrogen.  Cool  to  15°  C,  add  an 
excess  of  sodium  bismuthate  and  agitate  for  a  few  minutes.  Add 
50  cc.  of  dilute  HNO»  (3  :  97),  filter  through  an  alundum  filter  or 
asbestos  pad,  and  wash  with  the  same  acid.  Titrate  by  method  (a) 
or  (b)  below. 

(a)  Ferrous  Stdfate-Permanganate  TUration  (less  than  0.03  per 
cent  chromium). 

Add  from  a  burette  or  pipette  10  to  50  cc.  (depending  on  the 
amount  of  permanganic  acid)  of  ferrous  ammonium  sulfate  solution 
and  then  titrate  with  the  standard  KMn04  solution.  In  exactly  the 
same  manner  carry  through  a  blank  determination  using  the  same 
amounts  of  acid  and  bismuthate  as  was  done  with  the  regular  sample. 
Finally  add  the  exact  volume  of  ferrous  ammonium  sulfate  solution 
which  was  employed  and  titrate  with  the  standard  KMnO*  solution. 
The  difference  between  the  volumes  required  in  the  two  titrations 
represents  the  manganese  in  the  sample. 

(6)  Arsenite  TUration  (more  than  0.03  per  cent  chromium). 

Titrate  immediately  with  the  standard  sodium  arsenite  solution 
to  the  clear  green  color  used  as  an  end  point  in  the  standardization 
of  the  solution. 

Notes. 

In  the  method,  the  preliminary  treatment  with  sodium  bismuthate  has  been 
foimd  by  a  number  of  investigators  to  be  apparently  unnecessary;  however,  the 
available  data  to  confirm  this  position  are  not  considered  sufficient  to  warrant  its 
omission. 

In  making  the  asbestos  filter  pad  it  is  advisable  to  have  a  thin  bed,  and  as 
much  surface  as  possible.  This  instires  rapid  filtration,  and  the  filter  may  be  used 
until  it  becomes  clogged  with  bismuthate. 
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The  filtrate  must  be  perfectly  dear,  sinoe  the  least  particle  of  bismuthate  carried 
through  the  filter  will  vitiate  the  results. 

This  method  can  not  be  used  in  the  presence  of  cobalt. 

In  the  arsenite  titration,  permanganic  add  does  not  react  in  accordance  with 
the  ratio  MnsOr :  2  MnO,  but  more  nearly  as  indicated  by  the  ratio  MnsOr :  MntOi. 
Consequently  the  theoretical  titre  of  the  arsenite  can  not  be  used  and  the  man* 
ganese  titre  must  be  obtained  by  titration  of  material  of  known  manganese  content 
under  the  conditions  that  obtain  in  the  method. 

DETERMINATION  OP  MANGANESE 

BY  THB 

PERSULPATE  METHOD. 

(ROUTINB  AND  IN  THB  PrBSBNCB  OF  COBALT.) 


Solutions  Reqihsed. 

Dilute  Nitric  Acid  (sp.  gr.  LSO)—Mix  380  cc.  of  HNOi  (sp.  gr. 
1.42)  and  620  cc.  of  distilled  water. 

Silver  Nitrate  {O.lSS-per-cent).— Dissolve  1.33  g.  of  AgNOs  in 
1000  cc.  of  distilled  water. 

Ammonium  Persulfate  Solution  (lO-per-cent), — ^Prepare  as  needed 
by  dissolving  10  g.  of  the  salt  in  100  cc.  of  distilled  water. 

Sodium  Chloride  (O.g-per-cent), — ^Dissolve  2  g.  of  NaCl  in  1000  cc. 
of  distilled  water. 

Standard  Sodium  Arsenite, — ^Dissolve  0.8  g.  of  sodium  arsenite  in 
distilled  water,  filter  if  necessary;  dilute  to  one  liter  and  standardize 
as  under  "Determination  of  Manganese  by  the  Bismuthate  Method." 

Method. 

In  a  small  Erlenmeyer  flask  or  large  test  tube  (8  by  1  in.)  dissolve 
0.1  to  0.3  g.  of  steel,  depending  on  the  manganese  content  of  the 
sample,  in  15  cc.  of  dilute  HNOi  (sp.  gr.  1.20)  with  the  aid  of  heat  from 
a  hot-plate  or  water-bath.  The  solution  of  carbon  may  be  hastened 
by  the  addition  of  1  cc.  of  the  (NH4)2S208  solution  (lO-per-cent). 
When  solution  is  complete  and  the  liquid  is  clear,  add  15  cc.  of  AgNOs 
solution  (0.133-per-cent).  If  a  tube  is  used,  add  10  cc.  of  the 
(NH4)2Sa08  solution  (lO-per-cent)  and  heat  in  the  water-bath  until 
the  color  develops.  If  a  flask  is  employed,  bring  the  solution  to 
boiling,  add  10  cc.  of  the  persulfate  solution  and  then  set  aside  in  a 
warm  place  imtil  the  color  develops.  When  the  color  has  developed, 
cool  the  solution  in  running  water,  transfer  to  a  250-cc.  beaker  and 
dilute  to  a  volume  of  75  cc.  Add  10  cc.  of  NaCl  solution  (0.2-per-cent) 
and  titrate  with  the  standard  arsenite  solution  to  a  clear  green  color. 
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Notes. 

The  persulfate  oxidation  requires  careful  attention;  the  solution  must  not  be 
too  acid  and  sufficient  AgNOs  must  be  present  (about  15  times  as  much  AgNOa 
as  Mn).  Consequently,  in  steels  of  high  manganese  content  the  amount  of  AgNOg 
and  NaCl  should  be  increased. 

If  it  is  desired,  larger  amounts  of  the  sample  can  be  used  and  correspondingly 
greater  amounts  of  AgNOi,  NaCl  and  (NHOiSiOg  (preferably  in  the  form  of  stronger 
solutions). 

DETERMINATION  OP  PHOSPHORUS 

BY  THB 

MOLYBDATE-MAGNESLA  METHOD. 


Solutions  Required. 

Dilute  Nitric  Acid  {sp.  gr.  LW).—Mix  380  cc.  of  HNOj  (sp.  gr. 
1.42)  and  620  cc.  of  distilled  water. 

Dilute  Nitric  Acid  {2  :  100)— Mix  20  cc.  of  HNO3  (sp.  gr.  1.42) 
and  1000  cc.  of  distilled  water. 

Potassium  Permanganate  {^.d-per-cent). — Dissolve  25  g.  of  KMnOi 
in  1000  cc.  of  distilled  water. 

Dilute  Ammonium  Hydroxide  {1  : 2). — Mix  300  cc.  of  NHiOH 
(sp.  gr.  0.90)  and  600  cc.  of  distilled  water. 

Dilute  Ammonium  Hydroxide  {1  :  19). — Mix  100  cc.  of  NH4OH 
(sp.  gr.  0.90)  and  1900  cc.  of  distilled  water. 

Ammonium  Bisulfite  (S-per-cent), — Dissolve  30  g.  of  ammonium 
bisulfite  in  1000  cc.  of  distilled  water. 

Ammonium  Molybdate, — 

Solution  No,  L — ^Place  in  a' beaker  100  g.  of  85-per-cent  molybdic 
acid,  mix  it  thoroughly  with  240  cc.  of  distilled  water,  add  140  cc.  of 
NH4OH  (sp.  gr.  0.90),  filter,  and  add  60  cc.  of  HNO,  (sp.  gr.  1.42). 

Solution  No.  «.— Mix  400  cc.  of  HNOs  (sp.  gr.  1.42)  and  960  cc. 
of  distilled  water. 

When  the  solutions  are  cold,  add  Solution  No.  1  to  Solution  No. 
2,  stirring  constantly;  then  add  0.1  g.  of  ammonium  phosphate  dis- 
solved in  10  cc.  of  distilled  water,  and  let  stand  at  least  24  hours 
before  using. 

Magnesia  Mixture. — ^Dissolve  50  g.  of  MgCU -61120  and  125  g. 
of  NH4CI  in  750  cc.  of  distilled  water,  and  then  add  150  cc.  of  NH4OH 
(sp.  gr.  0.90). 

Method. 

In  a  300-cc.  Erlehmeyer  flask  dissolve  5  g.  of  steel  in  75  cc.  of 
dilute  HNO3  (sp.  gr.    1.20).    Heat  to  boiling;    while  boiling  add 
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about  12  cc.  of  the  potassium  permanganate  solution,  and  continue 
boiling  until  manganese  dioxide  precipitates.  Dissolve  this  precipitate 
by  additions  of  ammonium  bisulfite  or  ferrous  sulfate  solution,  boil 
until  clear  and  free  f roqi  brown  fumes  and  cool  to  80®  C.  Add  1 00  cc.  of 
the  ammonium  molybdate  solution  at  room  temperature,  shake  or 
agitate  for  5  minutes,  allow  to  settle,  filter  on  a  9-cm.  paper  and  wash 
the  flask  and  precipitate  at  least  three  times  with  the  dilute  HNOj 
(2  :  100),  to  free  from  iron. 

Dissolve  the  precipitate  on  the  filter  with  dilute  NH4OH  (1  :  2), 
letting  the  solution  run  into  the  original  flask  and  avoiding  the  use 
of  more  than  10  to  20  cc.  of  the  reagent.  Pour  a  solution  of  0.5  g. 
of  citric  add  in  15  cc.  of  water  and  10  cc.  of  HCl  (sp.  gr.  1.19)  through 
the  filter  in  order  to  dissolve  any  ferric  phosphate  on  the  paper  and 
render  acid  the  ammoniacal  solution  of  the  phosphate.  Transfer  the 
solution  to  a  100-cc.  beaker,  add  10  cc.  of  the  magnesia  mixture  and 
predpitate  the  phosphate  by  adding  NH4OH  (sp.  gr.  0.90)  slowly  and 
with  constant  stirring,  imtil  a  crystallin  predpitate  is  formed  or  the 
solution  is  alkaline.  Finally  add  10  per  cent  by  volume  excess  and 
set  aside  in  a  cool  place  for  2  to  6  hours.  Filter,  wash  with  dilute 
NH4OH  (1  :  19),  ignite  and  wdgh.  Dissolve  the  predpitate  of  mag- 
nesium pyrophosphate  in  5  cc.  of  dilute  HNOs  (5  :  6),  and  20  cc.  of 
distilled  water,  filter  and  wash  with  hot  water.  Ignite  and  wdgh. 
The  difference  in  weights  represents  pure  magnesixmi  pyrophosphate 
containing  27.87  per  cent  of  phosphorus. 

NOTBS. 

The  ammonium  molybdate  solution  should  be  kept  in  a  cool  place  and  should 
alwa]rs  be  absolutely  dear  before  using. 

If  arsenic  is  present  in  the  steely  it  will  come  down  in  part  with  the  phospho- 
noolybdate  and  contaminate  the  pyrophosphate.  In  very  accurate  work,  or  when 
arseDic  is  present  in  appreciable  amount,  steps  must  be  taken  for  its  removal  before 
pndpitation  with  magnesia  mixture. 

DETERMINATION  OF  PHOSPHORUS 

BY  THE 

ALKALIMETRIC  METHOD. 
(Routine.) 


Solutions  Required. 

'Dilute  Nitric  Acid  {sp,  gr.  LSO). — See  "Determination  of  Phos- 
phorus by  the  Molybdate-Magnesia  Method."^ 
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Dilute  Nitric  Acid  {g  :  100). — See  **  Determination  of  Phosphorus 
by  the  Molybdate-Magnesia  Method.''^ 

Potassium  Permanganate — See  "Determination  of  Phosphorus  by 
the  Molybdate-Magnesia  Method."* 

Ammonium  Bisulfite. — See  "Determination  of  Phosphorus  by  the 
Molybdate-Magnesia  Method."' 

Ammonium  Molybdate. — ^See  "Determination  of  Phosphorus  by 
the  Molybdate-Magnesia  Method."* 

Potassium  Nitrate  (l-per-cent),— Dissolve  10  g.  of  KNOt  in  1000  cc. 
of  distilled  water. 

Phenolphthalein  Indicator. — ^Dissolve  0.2  g.  of  phenolphthalein  in 
50  cc.  of  95-per-cent  ethyl  alcohol  and  50  cc.  of  distilled  water. 

Standard  Sodium  Hydroxide, — Dissolve  6.5  g.  of  purified  NaOH 
in  1000  cc.  of  distilled  water,  add  a  slight  excess  of  1-per-cent  solution 
of  Ba(0H)8,  let  stand  for  24  hours,  decant  the  liquid,  standardize  it 
against  a  steel  of  known  phosphorus  content,  as  determined  by  the 
molybdate-magnesia  method  and  dilute  so  that  1  cc.  will  be  equivalent 
to  0.01  per  cent  of  phosphorus  on  the  basis  of  a  2-g.  sample  (see 
Notes).  Protect  the  solution  from  carbon  dioxide  with  a  soda-lime 
or  soda-asbestos  tube. 

Standard  Nitric  Acid. — Mix  10  cc.  of  HNOs  (sp.  gr.  1.42)  and 
1000  cc.  of  distilled  water.  Titrate  the  solution  against  the  standard 
sodium  hydroxide  solution  using  phenolphthalein  as  indicator,  and 
make  it  equivalent  to  the  sodium  hydroxide  solution  by  adding  dis- 
tilled water. 

Method. 

In  a  300-cc.  Erlenmeyer  flask  dissolve  2  g.  of  steel  in  50  cc  of 
dilute  HNOt  (sp.  gr.  1.20).  Heat  the  solution  to  boiling  and  while 
boiling  add  about  6  cc.  of  the  KMnOi  solution  and  continue  boiling 
until  manganese  dioxide  precipitates.  Dissolve  this  precipitate  by 
additions  of  ammonium  bisulfite  or  ferrous  sulfate  solution,  boil  until 
clear  and  free  from  brown  fumes,  cool  to  80**  C,  add  50][cc.  of  the 
ammonium  molybdate  solution  at  room  temperature,  shake  or  agitate 
for  5  minutes,  allow  to  settle  and  filter  on  a  9-cm.  paper.  Wash  the 
flask  and  precipitate  three  times  with  dilute  HNOs  (2  :  100)  to  free 
it  from  iron,  and  continue  the  washing  with  the  1-per-cent  potassium 
nitrate  solution  until  the  paper,  precipitate  and  flask  are  free  from 
acid. 

Transfer  the  paper  and  precipitate  to  the  flask,  add  20  cc.  of 
distilled  water,  5  drops  of  phenolphthalein  solution  as  indicator,  and 
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an  excess  of  standard  sodium  hydroxide  solution.  Insert  a  rubber 
stopper  and  shake  vigorously  until  solution  of  the  precipitate  is  com- 
plete. Wash  off  the  stopper  with  distilled  water  and  determine  the 
excess  of  sodium  hydroxide  solution  by  titrating  with  standard  nitric 
add  solution.  Each  cubic  centimeter  of  standard  sodium  hydroxide 
solution  represents  0.01  per  cent  of  phosphorus. 

NOTBS. 

The  ammoq^tini  molybdate  solution  should  be  kept  in  a  cool  place  and  should 
always  be  absolutely  clear  before  using. 

All  distilled  water  used  in  titration  should  be  freed  from  carbon  dioxide  by 
boiling  or  otherwise. 

Bureau  of  Standards  Standard  Steel  No.  19a  or  its  renewal  is  recommended 
as  a  suitable  steel  for  standardization  of  the  sodium  hydroxide  solution. 

The  composition  of  phosphomolybdate  varies  with  changes  in  conditions  such 
as  acidity,  temperature  and  concentration  of  the  molybdate  reagent;  consequently 
care  should  be  taken  to  keep  conditions  alike  in  standardization  and  in  analysis. 

DETERMINATION   OF  SULFUR 

BY  THE 

OXIDATION  METHOD. 


Solutions  Required. 

Dilute  Hydrochloric  Acid  {2  :  98)— Mix  20  cc.  of  HCl  (sp.  gr.  1.19) 
and  980  cc^  of  distilled  water. 

Barium  Chloride  Solution  {10-per-cent), — Dissolve  100  g.  of 
BaCl2-2HiO  in  1000  cc.  of  distilled  water. 

Barium  Chloride — Hydrochloric  Add  Washing  Solution.— Mix  10 
cc.  of  the  above  solution,  10  cc.  of  HCl  (sp.  gr.  1.19)  and  1000  cc.  of 
distilled  water. 

Dilute  Sulfuric  Acid  {1  :  i).— Pour  500  cc.  of  H2S04  (sp.  gr.  1.84) 
slowly  and  with  constant  stirring,  into  500  cc.  of  distilled  water. 

Method. 

Dissolve  4.57  g.  of  the  sample  in  50  cc.  of  HNOi  (sp.  gr.  1.42)  in 
a  covered  beaker  or  flask.  In  case  solution  is  slow  or  difficult,  HCl 
(sp.  gr.  1.19)  may  be  added  dropwise  at  intervals.  When  solution  is 
complete,  add  0.5  g.  of  Na«COs,  evaporate  to  drjmess  and  bake  for  1 
hour  on  the  hot  plate.  Add  30  cc.  of  HCl  (sp.  gr.  1.19)  and  repeat 
the  evaporation  and  baking.  Add  another  30  cc.  of  HCl  (sp.  gr.  1.19) 
and  evaporate  to  syrupy  consistency.  Add  5  cc.  of  HCl  (sp.  gr.  1.19) 
20  cc.  of  water,  5  g.  of  20  to  30-mesh  zinc  (free  from  sulfur),  and  warm 
on  the  steam-bath  until  the  iron  is  reduced  to  the  ferrous  state,  and 
the  evolution  of  hydrogen  has  nearly  ceased.     Filter  by  decantation 
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on  a  small  filter  from  the  silica  and  undissolved  zinc,  wash  with  small 
portions  of  approximately  75  cc.  of  dilute  HCl  (2  :  98),  warm  to  60 
to  70*^  C.  and  add  10  cc.  of  BaCU  solution  (lO-per-cent).  Let  stand 
for  18  to  24  hours,  filter  on  a  paper  of  close  texture  and  discard  the 
filtrate.  Wash  with  hot  BaClr-HCl  washing  solution  until  free  from 
iron  and  then  with  hot  water  until  free  from  chlorides.  Reserve  the 
paper  and  precipitate  and  evaporate  the  washings  to  dryness.  Dis- 
solve the  slight  residue  in  50  cc.  of  hot  dilute  HCl  (2  :  98),  add  1  cc 
of  Bads  solution  (lO-per-cent),  and  digest  at  70  to  80°  C.  for  an  hour 


Capacity 
•460CC. 


-?r- 


J. 


Pig.  3. — ^Apparatus  for  Determination  of  Sulfur  by  the  Evolution  Method. 

or  so,  avoiding  any  undue  evaporation.  Filter  on  a  small  paper  of 
close  texture,  wash  with  hot  BaCU-HCl  washing  solution  until  free 
from  iron  and  then  with  hot  water  until  free  from  chlorides.  Ignite 
both  papers  in  a  tared  platinum  crucible  and  treat  with  one  drop  of 
dilute  H2SO4  (1  :  l)  and  1  cc.  of  hydrofluoric  add.  Evaporate  to 
dr3mess,  ignite  and  weigh.  A  blank  should  be  carried  through  all 
steps  of  the  determination  and  any  BaS04  found  deducted.  The  cor- 
rected weight  of  the  ignited  BaS04  multiplied  by  3  represents  the 
percentage  of  sulfur. 
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NOTBS. 

The  precipitation  of  BaS04  must  not  be  carried  out  in  a  solution  containing 
more  than  2  cc.  of  HCl  (sp.  gr.  1.19)  per  100  cc. 

The  recovery  of  BaS04  which  is  obtained  ordinarily  represents  approximately 
0.001  per  cent  of  sulfur. 

Precipitation  of  BaS04  in  unreduced  iron  solutions  of  carefully  r^ulated  acidity 
gives  low  values  of  the  order  of  0.001  to  0.002  per  cent  of  sulfur. 

DETERMINATION  OF  SULFUR 

BT  THE 

EVOLUTION-TITRATION  METHOD. 

(ROUTINB.) 


Apparatus. 
Use  a  500-cc.  flask  with  a  delivery  tube  and  a  300-cc.  tumbler 
of  tall  form  (Fig.  3). 

Solutions  Required. 

Dilute  Hydrochloric  Acid  (1 :  i).— Mix  500  cc.  of  HCl  (sp.  gr.  1.19) 
and  500  cc  of  distilled  water. 

Ammoniacal  Cadmunt  Chloride. — ^Dissolve  10  g.  of  cadmium 
chloride  in  400  cc.  of  distilled  water  and  add  600  cc.  of  NH4OH  (sp. 
gr.  0.90). 

Potassium  lodate. — ^Dissolve  1.116  g.  of  potassium  iodate  and  12  g. 
of  potassium  iodide  in  1000  cc  of  distilled  water.  Standardize  with 
a  steel  of  known  sulfur  content.  Each  cubic  centimeter  should  be 
equivalent  to  0.01  per  cent  of  sulfur,  when  a  5-g.  sample  is  used  (see 
Notes). 

Starch. — ^To  1000  cc.  of  boiling  distilled  water ,  add  a  cold  suspen- 
sion of  6  g.  of  starch  in  100  cc.  of  distilled  water;  cool,  add  a  solution 
of  6  g.  of  zinc  chloride  in  50  cc.  of  distilled  water,  and  mix  thoroughly. 

Method. 

Place  5  g.  of  steel  in  the  flask  and  connect  the  latter  as  shown 
in  Fig.  3.  Place  10  cc.  of  the  ammoniacal  cadmiiun  chloride  solution 
and  150  cc.  of  distilled  w&ter  in  the  tumbler.  Add  80  cc.  of  the 
dihite  HCl  (1  :  1)  to  the  flask  through  the  thistle  tube,  heat  the  flask 
with  its  contents  gently  until  the  solution  of  the  steel  is  complete, 
then  boil  the  solution  for  i  minute.  Disconnect  the  delivery  tube 
and  remove  the  tumbler  which  contains  all  the  sulfur  as  cadmium 
sulfide.  Add  5  cc.  of  starch  solution  and  make  slightly  add  with  dilute 
HCl  (1  :  1)  and  titrate  immediately  with  the  standard  potassium 
iodate  solution.     When  a  blue  color  is  first  obtained,  add  20  cc.  of 
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dilute  HCl  (l  :  l)  and  continue  the  titration  to  a  permanent  faint  blue 
color. 

Notes. 

This  method  succeeds  best  when  all  of  the  conditions  are  kept  constant  in  the 
standardization  of  the  iodate  solution  and  in  the  analysis  of  the  steel. 

Some  analysts  prefer  to  add  the  dilute  HCl  at  a  temperature  of  80  to  90**  C. 
and  to  heat  the  flask  on  an  electric  heater. 

The  potassium  iodate  solution  should  be  standardized  against  steels  of  like 
chemical  and  physical  composition.  It  is  recommended  that  such  steels  be  used 
after  they  have  been  standardized  by  the  gravimetric  method  with  check  gravimetric 
runs  on  Bureau  of  Standards  standard  steels. 

DETERMINATION   OF  SILICON 

BY  THE 

NITRO-SULFURIC  METHOD. 


Solutions  Required. 

Nitro-SuLJuric Acid— Mix  1000 cc.  of  H2SO4  (sp.  gr.  1.84),  1500 cc. 
of  HNOs  (sp.  gr.  1.42)  and  5500  cc.  of  distilled  water. 

Dilute  Hydrochloric  Acid  {5 :  95). — Mix  50  cc.  of  HCl  (sp.  gr. 
1.19)  and  950  cc.  of  distilled  water. 

Method. 

Add  cautiously  80  cc.  of  the  nitro-sulfuric  add  to  4.676  g.  of  steel, 
in  a  platinum  or  porcelain  dish  of  300  cc.  capacity^  cover  with  a 
watch  glass,  heat  until  the  steel  is  dissolved  and  evaporate  slowly 
until  copious  fumes  of  sulfuric  acid  are  evolved.  Cool,  add  125  cc. 
of  distilled  water  and  5  cc.  of  HCl  (sp.  gr.  1.19),  heat  with  frequent 
stirring  until  all  salts  are  dissolved  and  immediately  filter  on  a  9-cm. 
paper.  Wash  the  precipitate  with  cold  dilute  HCl  (5  :  95)  and  hot 
water  alternately  to  complete  the  removal  of  iron  salts,  and  finally 
with  hot  water  until  free  from  acid.  Transfer  the  filter  to  a  platinum 
crucible,  bum  off  the  paper  carefully,  finally  igniting  with  the 
crucible  covered  over  a  blast  lamp  or  in  a  muffle  furnace  at  1000**  C. 
for  at  least  10  minutes;  cool  in  a  desiccator  and  weigh.  Add  sufficient 
dilute  H2SO4  (1  :  1)  to  moisten  the  silica  and  then  a  small  amount  of 
hydrofluoric  acid.  Evaporate  to  dryness,  ignite  and  weigh.  The  dif- 
ference in  weights  in  milligrams  divided  by  100  equals  the  percentage 
of  silicon. 

Note. 

A  blank  determination  on  all  reagents  used  should  be  made  and  the  results 
corrected  accordingly. 
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DETERMINATION   OF  SILICON 

BY  THE 

SULFURIC  ACID  METHOD. 
(Optional.) 


Solutions  Required. 

DiluU  Hydrochloric  Acid  {5  :  95).— Mix  50  cc.  of  HCl  (sp.  gr.  1.19) 
and  950  cc.  of  distilled  water. 

Method. 

To  2.338  g.  of  steel,  in  a  beaker  of  low  form  of  500-cc.  capacity, 
add  60  cc.  of  distilled  water,  and  then  cautiously  15  cc.  of  HjSOi 
(sp.  gr.  1.84).  Cover  with  a  watch  glass,  heat  until  the  steel  is  dis- 
solved and  evaporate  until  copious  fumes  of  sulfuric  acid  are  evolved. 
Cool,  add  100  cc.  of  distilled  water  and  heat  with  frequent  stirring 
until  the  salts  are  in  solution.  Immediately  filter  on  a  9-cm.  paper, 
wash  the  precipitate  with  cold  dilute  HCl  (5  :  95),  until  free  from 
iron,  and  finally  with  hot  water  imtil  free  from  acid.  Ignite  and 
weigh.  Add  sufficient  dilute  H2SO4  (l  :  l)  to  moisten  the  silica  and 
then  a  small  amount  of  hydrofluoric  acid.  Evaporate  to  drjoiess, 
ignite  and  weigh.  The  difference  in  weights  in  milligrams  divided  by 
50  equals  the  percentage  of  silicon. 

Note. 

A  blank  determination  on  all  reagents  used  should  be  made  and  the  results 
corrected  accordingly. 

DETERMINATION   OF  COPPER. 

Solutions  Required. 

•  Dilute  Sulfuric  Acid  (1  : 5).— Slowly  stir  200  cc.  of  HjSO*  (sp. 
gr.  1.84)  into  1000  cc.  of  distilled  water. 

Dilute  Sulfuric  Acid  {2  :  98)—M\x  20  cc.  of  H2SO4  (sp.  gr.  1.84) 
and  980  cc.  of  distilled  water. 

Acidulated  Hydrogen  Sulfide  Water. — Saturate  500  cc.  of  the  above 
solution  with  hydrogen  sulfide. 

Sodium  Hydroxide  (S-per-cent). — ^Dissolve  50  g.  of  stick  NaOH  in 
1000  cc.  of  distilled  water  and  filter  through  asbestos  if  necessary. 

Sodium  Tkiosulfate  {SO-per-cent). — ^Dissolve  100  g.  of  Na2S208'5HaO 
in  100  cc.  of  distilled  water  and  filter  if  necessary. 

Dilute  Nitric  Add  {1  :  i).— Mix  500  cc.  of  HNO,  (sp.  gr.  1.42) 
and  500  cc.  of  distilled  water. 
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Method. 

(a)  Precipitation  by  Hydrogen  Sulfide. 

Dissolve  10.00  g.  of  steel  in  100  cc,  of  dilute  H2SO4  (l  :  5),  and 
when  solution  is  complete,  dilute  to  at  least  500  cc.  with  water.  Heat 
to  boiling  and  saturate  with  H2S.  Digest  a  while,  filter  on  paper  or 
paper  pulp  and  wash  with  acidulated  hydrogen  sulfide  water.  Ignite 
the  residue  and  paper  in  a  porcelain  crucible  and  fuse  with  a  small 
amount  of  alkali  pyrosulfate.  Dissolve  the  cooled  melt  in  the  crucible 
in  1  to  2  cc.  of  HCl  (sp.  gr.  1.19)  and  a  few  cc.  of  water,  transfer  to 
a  200-CC.  beaker,  dilute  to  100  cc.  and  add  NaOH  (5-per-cent)  solution 
,  in  sUght  excess.  Boil,  digest,  and  filter,  in  order  to  separate  such  ele- 
ments as  vanadium,  tungsten  and  molybdenum.  Dissolve  the  pre- 
cipitate in  hot  dilute  HNOs  (l  :  l),  add  5  cc.  of  H2SO4  (sp.  gr.  1.84), 
evaporate  to  the  appearance  of  fumes  of  sulfuric  acid,  cool,  dilute  to 
40  cc,  filter  and  add  10  cc.  of  NH4OH  (sp.  gr.  0.90).  Heat  the  feebly 
acid  solution  to  boiling  and  saturate  with  HjS.  Digest  a  while,  filter, 
wash  thoroughly  with  acidulated  hydrogen  sulfide  water,  and  proceed 
according  to  method  1  or  2  below. 

(6)  Precipitation  by  Tkiostdfate. 

Transfer  5  g.  of  the  sample  to  a  600-cc.  beaker,  add  100  cc.  of 
H2SO4  (1  :  5),  and  heat  until  the  sample  is  dissolved.  Dilute  to 
300  cc,  heat  to  boiling,  add  15  cc.  of  thiosulfate  solution  (50-per-cent), 
and  continue  the  boiling  for  five  minutes  or  until  the  precipitate  of 
copper  sulfide  has  coagulated.  Collect  the  precipitate  upon  an  1 1-cm. 
paper  and  wash  slightly  with  dilute  H3SO4  (2  :  98).  Ignite  the  residue 
and  paper  in  a  porcelain  crucible  and  fuse  with  a  small  amount  of 
alkali  pyrosulfate.  Dissolve  the  cooled  melt  in  the  crucible  in  1  to 
2  cc  of  HCl  (sp.  gr.  1.19)  and  a  few  cc.  of  water,  transfer  to  a  200-cc. 
beaker,  dilute  to  100  cc.  and  add  NaOH  (5-per-cent)  solution  in  slight 
excess.  Boil,  digest  and  filter  in  order  to  separate  such  elements  as 
vanadium,  tungsten  and  molybdenum.  Dissolve  the  precipitate  in 
hot  dilute  HNOi  (l  :  l),  carefully  add  20  cc  of  H2SO4  (sp.  gr.  1.84), 
evaporate  to  the  appearance  of  fumes  of  H2SO4,  cool,  dilute  and  filter. 
Dilute  the  solution  to  a  volume  of  300  cc  and  precipitate  the  copper 
with  thiosulfate  as  above.  Filter,  wash  with  dilute  H2SO4  (2  :  98) 
until  sodium  salts  have  been  removed  and  proceed  according  to 
method  1  or  2  below. 

(1)  Electrolytic  Method. 

Dissolve  the  sulfides  obtained  as  above  in  hot  dilute  HNO3  (l  :  l), 
and  electrolyze  after  the  addition  of  H2SO4  according  to  usual 
procedures. 

{2)  Gravimetric  Method. 

Ignite  the  sulfides  obtained  as  above  and  weigh  as  copper  oxide. 
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As  this  compound  is  somewhat  hygroscopic,  care  must  be  observed  to 
prevent  the  absorption  of  moisture. 

DETERMINATION   OF  COPPER. 
(Routine.) 


Solutions  Required. 

Potassium  Ferrocyanide. — Dissolve  10  g.  of  potassium  ferro- 
cyanide  in  100  cc.  of  distilled  water. 

Standard  Copper  Nitrate. — Dissolve  2  g.  of  purest  electrolytic 
copper  in  20  cc.  of  HNO3  (1:1),  and  dilute  to  1000  cc.  with  distilled 
water.  Each  cubic  centimeter  is  equivalent  to  0.02  per  cent  of  copper 
on  the  basis  of  a  10-g.  sample. 

Method. 

Proceed  as  in  (a)  Precipitation  by  Hydrogen  Sulfide  or  (J)  Pre- 
cipitation by  Thiosulfate,  under  "Determination  of  Copper"  until  the 
alkali  pyrosulfate  fusion  has  been  made.  Extract  the  cooled  melt 
with  hot  water,  filter,  and  complete  the  determination  colorimetrically 
as  follows: 

Evaporate  the  filtrate  to  about  25  cc,  make  faintly  ammoniacal, 
filter  into  a  100-cc.  Nessler  tube  and  wash  with  hot  water. 

(a)   //  the  solution  is  a  strong  blue, 

To  another  100-cc  Nessler  tube  add  50  cc.  of  distilled  water,  5  cc. 
of  NH4OH  (sp.  gr.  0.90)  and  from  a  burette  the  standard  copper 
nitrate  solution  until  the  blue  colors  match. 

(ft)  //  the  solution  is  a  faint  blue, 

To  the  filtrate  in  a  Nessler  tube  add  dilute  H2SO4  (l  :  5)  to  faint 
acidity  and  then  a  few  drops  of  the  potassium  ferrocyajiide  solution. 
To  another  100-cc.  Nessler.  tube  add  50  cc.  of  distilled  water,  a  few 
drops  of  the  potassium  ferrocyanide  solution,  and  from  a  burette  the 
standard  copper  nitrate  solution  until  the  reddish  brown  colors  match. 

determination  of  nickel. 

See  the  Determination  of  Nickel  in  Nickel  Steel  by  the  Gravi- 
tric  Dimethylglyoxime  Method.^ 

See  the  Determination  of  Nickel  in  Nickel  Steel  by  the  Cyanide 
Titration  Method  (Routine). ^ 

determination  of  chromium. 
See  the  Determination  of  Chromium  in  Chrome-Nickel  Steel  by 
the  Persulfate  Oxidation  Method.* 


a  TenUtive  Methods  of  Chemical  Analysis  of  AUoy  Steels  (Serial  Designation:  A  55  -  22  T).  p.  600. 
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TENTATIVE  METHODS  OF  CHEMICAL  ANALYSIS 

OF 
ALLOY  STEELS.^ 

Serial  Designation:  A  55  -  22  T. 

This  is  a  Tentative  Standard  only,  published  for  the  purpose  of  eliciting  criti- 
cism and  suggestions.  It  is  not  a  Standard  of  the  Society  and  until  its  adoption  as 
Standard  it  is  subject  to  revision. 

Issued,  1922. 

SILICO-MANGANESE  STEEL. 

All  determinations  are  carried  out  as  in  the  Tentative  Methods 
of  Chemical  Analysis  of  Plain  Carbon  Steel  (Serial  Designation: 
A  33-22  T)  of  the  American  Society  for  Testing  Materials.* 


NICKEL  STEEL. 

DETERMINATION   OF  CARBON. 

See  the  Determination  of  Carbon  in  Plain  Carbon  Steel  by  the 
Direct-Combustion  Method.' 

DETERMINATION   OF  MANGANESE. 

See  the  Determination  of  Manganese  in  Plain  Carbon  Steel  by  the 
Bismuthate  Method.' 

See  the  Determination  of  Manganese  in  Plain  Carbon  Steel  by 
the  Persulfate  Method  (Routine).' 

DETERMINATION    OF  PHOSPHORUS. 

See  the  Determination  of  Phosphorus  in  Plain  Carbon  Steel  by 
the  Molybdate-Magnesia  Method.' 

See  the  Determination  of  Phosphorus  in  Plain  Carbon  Steel  by 
the  Alkalimetric  Method  (Routine).' 

1  These  methods,  when  adopted  as  standard,  will  supersede  the  present  Standard  Methods  of 
Chemical  Analysis  of  Alloy  Steels  (Serial  Designation:  A  55  -  15).  1921  Book  of  A.S.T.M.  Standards. 
Criticisms  of  these  Tentative  Methods  are  solicited  and  should  be  directed  to  Mr.  G.  H. 
Woodroffe.  Secretary  of  Committee  A-1  on  Steel,  Parkesburg  Iron  Co.,  Parkesburg,  Pa. 

*  See  p.  578. 

'Tentative  Methods  of  Chemical  Analysis  of  Plain  Carbon  Steel  (Serial  Designation:  A  33 - 
22  T),  p.  57g. 
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DETERMINATION  OP  SULFUR. 

See  the  Determination  of  Sulfur  in  Plain  Carbon  Steel  by  the 
Oxidation  Method.^ 

See  the  Determination  of  Sulfur  in  Plain  Carbon  Steel  by  the 
Evolution  Titration  Method  (Routine).* 

Notes. 

The  Evolution- Titration  Method  should  not  be  used  with  steels  containing 
appreciable  amounts  of  tungsten  or  molybdenum  or  more  than  0.4  per  cent  of  copper. 

DETERMINATION   OF  SILICON. 

See  the  Determination  of  Silicon  in  Plain  Carbon  Steel  by  the 
Nitro-Sulfuric  Method.^ 

See  the  Determination  of  Silicon  in  Plain  Carbon  Steel  by  the 
Sulfuric  Acid  Method  (Optional).^ 

DETERMINATION    OF  NICKEL 

BY  THE 

GRAVIMETRIC  DIMETHYLGLYOXIME  METHOD. 


Solutions  Required. 

Dilute  Nitric  Acid  {1  :  S)— Mix  250  cc.  of  HNO3  (sp.  gr.  1.42)  with 
750  cc.  of  distilled  water. 

Dilute  Hydrochloric  Acid  (1  :  i).— Mix  500  cc.  of  HCl  (sp.  gr.  1.19) 
and  500  cc.  of  distilled  water. 

Dimetkylglyoxime  (l-per-cent). — ^Dissolve  20  g.  of  dimethylglyoxime 
in  1300  cc.  of  NH4OH  (sp.  gr,  0.90)  and  dilute  to  2000  cc.  Ten  cubic 
centimeters  of  this  solution  allow  sufficient  excess  to  completely  pre- 
cipitate 0.015  g.  of  nickel. 

Method. 

For  ordinary  nickel  steel  take  a  1-g.  sample;  with  less  than  0.10 
or  more  than  5  per  cent  nickel,  larger  or  smaller  samples  may  be  taken. 
In  the  presence  of  less  than  0.5  per  cent  chromium  dissolve  the  sample 
in  50  cc.  of  hot  dilute  HNOi  (l  :  3).  When  chromium  is  present  in 
amoimts  greater  than  0.5  per  cent  or  under  circimistances  where 
chromium  carbides  are  present,  dissolve  the  sample  in  60  cc  of  dilute 
HCl  (1  :  1)  with  the  aid  of  heat  and  then  oxidize  the  iron  and  the 
carbides  by  adding  HNOs  (sp.  gr.  1.42)  drop  by  drop,  until  effer- 

>  Tentative  Method*  of  Chemical  Analyait  of  PUia  Carbon  Steel  (Serial  Deeignaticm;   A  ZS- 
22  T).  p.  578, 
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vescence  ceases.  Boil  to  remove  the  products  resulting  from  the 
decomposition  of  the  HNOs  and  then  cool  the  solution.  Add  in  suc- 
cession, with  stirring  after  each  addition,  12  g.  of  citric  acid  or  equiv- 
alent solution,  20  cc.  of  NH4OH  (sp.  gr.  0.90),  sufficient  solution  of 
dimethylglyoxime  to  precipitate  all  nickel  present  and  finally  enough 
more  NH4OH  to  make  the  solution  distinctly  ammoniacal.  The 
solution  will  usually  have  a  volume  of  200  to  250  cc.  and  precipitation 
is  complete  immediately  if  the  amount  of  nickel  is  over  0.10  per  cent. 
With  less  nickel  or  in  umpire  analyses,  digestion  for  one  hour  is  desir- 
able. Stir  the  solution  thoroughly  and  filter  on  an  asbestos  mat  on 
a  2-in.  perforated  porcelain  plate  or  a  Biichner  funnel,  avoiding  strong 
suction  and  taking  care  that  the  fimnel  alwajrs  remains  partly  filled 
with  liquid.  Thoroughly  wash  the  precipitate  with  water,  discard 
the  filtrate  and  washings,  rinse  the  funnel  stem  and  then  with  the 
mat  still  in  place  and  with  suction  off,  add  25  cc.  of  a  mixture  of  20  cc 
of  HCl  (sp.  gr.  1.19)  and  5  cc.  of  HNOt  (sp.  gr.  1.42).  After  one 
minute,  apply  suction  till  dry,  repeat  the  treatment  with  25  cc  of 
the  mixture,  drain,  and  wash  thoroughly  with  water.  Transfer  the 
solution  to  a  400-cc.  beaker  and  evaporate  the  solution  to  100  cc 
Filter  if  necessary  and  repeat  the  precipitation  of  the  glyoxime  by 
adding  5  g.  citric  acid,  nearly  neutralizing  the  absolutely  dear  solu- 
tion with  NH4OH  (sp.  gr.  0.90)  and  then  adding  dimethylglyoxime 
and  NH4OH  as  before.  Finally  filter  on  a  weighed  Goodi  crucible, 
thoroughly  wash  with  hot  water,  dry  at  110  to^l20®  C.  and  weigh. 
The  precipitate  contains  20.31  per  cent  of  nickel. 

Notes. 

Direct  weighing  of  the  precipitate  is  desirable  when  small  amounts  of  nickel 
are  concerned.  Large  precipitates  are  more  conveniently  ignited  at  red  heat  to 
NiO,  In  this  case,  care  must  be  taken  to  prevent  sublimation  of  the  undecomposed 
salt.  This  may  be  accomplished  by  enclosing  the  wet  paper  and  precipitate  in  one 
or  two  wet  ashless  papers  and  slowly  igniting  so  that  the  papers  char  before  taking 
fire.  In  this  way  the  compound  is  decomposed  and  ignition  may  proceed  at  full 
red  heat. 

It  is  difficult  to  precipitate  nickel  and  to  obtain  it  free  from  cobalt,  when  cobalt 
is  preponderant.  Complete  precipitation  may  be  obtained  by  adding  sufficient 
dimethylglyoxime  to  react  with  both  cobalt  and  nickel  and  digesting  for  a  longer 
period,  or  by  oxidizing  the  cobalt  to  the  trivalent  condition  by  means  of  NaClOt  or 
(NH4)tStOs  in  ammoniacal  solution  before  precipitating  with  dimethylglyoxime. 
In  dther  case,  the  first  precipitate  should  be  filtered  off,  dissolved  and  reprecipitatad. 


Digitized  by 


Google 


Serial  Designation:  A  55-22  T.  603 

DETERMINATION   OF  NICKEL 

BY  THE 

CYANIDE  TITRATION   METHOD. 


1.     PRELIMINARY  TREATMENT. 

The  cyanide  titration  may  be  performed  in  a  solution  prepared 
as  in  (a),  (6),  or  (c)  below: 

(a)  Preliminary  Separation  with  Dimethylglyoxime.     (Presence  of 
chromium,  copper,  cobalt  and  small  amounts  of  tungsten.) 

Proceed  as  in  the  gravimetric  method  imtil  the  dimethylglyoxime 
precipitate  has  been  dissolved  in  aqua  regia,  and  then  evaporate  the 
solution  to  50  cc.  or  imtil  free  from  dimethylglyoxime  and  oxidizing 
gases.  Cool  the  solution,  with  ice  if  desired,  neutralize  with  NH4OH 
(sp.  gr.  0.90)  (rosolic  acid  is  a  convenient  indicator),  add  5  cc.  in 
excess,  dilute  to  250  cc,  and  proceed  as  in  the  final  titration  below. 

(6)  Preliminary  Ether  Extraction,     (Absence  of  cobalt  and  more 
than  1  per  cent  tungsten.) 

SoLTTTioNs  Required. 

Dilute  Hydrochloric  Acid  {3  :  ^).— Mix  600  cc.  of  HCl  (sp.  gr.  1.19) 
and  400  cc.  of  distilled  water. 

Acidulated  Hydrogen  Sulfide  Water. — Add  25  cc.  of  HCl  (sp.  gr. 
1.19)  to  500  cc.  of  distilled  water  and  saturate  with  H2S. 

Method. 
In  a  150-cc.  beaker  dissolve  1  g.  of  the  steel  in  20  cc.  of  the  dilute 
HCl  (3:2),  add  about  2  cc.  of  HNOs  (sp.  gr.  1.42)  to  oxidize  the  iron, 
and  boil  to  expel  the  oxides  of  nitrogen.  Cool,  and  transfer  the  solu- 
tion into  an  8-oz.  separatory  funnel,  rinsing  the  beaker  with  smaU 
portions  of  the  dilute  HCl  (3  :  2).  Add  50.  cc  of  ether,  shake  for  5 
minutes,  let  settle  for  1  minute,  and  then  draw  off  the  lower  clear 
solution  into  another  8-oz.  separatory  fimnel.  Add  10  cc.  of  dilute 
HCl  (3  :  2)  to  the  solution  in  the  first  separatory  funnel,  cool,  shake 
thoroughly,  allow  to  settle  for  1  minute,  and  then  draw  off  the  lower 
clear  solution  into  the  second  separatory  fimnel.  To  the  combined 
solutions  in  the  second  separatory  fuimel  add  50  cc.  of  ether,  shake 
for  5  minutes,  let  settle  for  1  minute,  and  then  draw  off  the  clear 
layer  into  a  150-cc.  beaker.  Heat  the  aqueous  solution  gently  to 
expel  the  ether,  add  0.2  g.  of  potassiimi  chlorate,  boil  imtil  the  chlorate 
is  decomposed,  dilute  to  100  cc.  with  hot  water,  make  faintly  am- 
moniacal,  and  boil  for  5  minutes.     Filter  and  wash  with  hot  water. 
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To  the  filtrate  add  10  cc.  of  HCl  (sp.  gr.  1.19)  heat  just  short  of  boilmg 
and  precipitate  the  copper  with  hydrogen  sulfide.  Filter  and  wash 
with  acidulated  hydrogen  sulfide  water.  Boil  the  filtrate  to  expel 
hydrogen  sulfide,  neutralize  with  ammonia  as  in  (a),  add  5  cc.  in 
excess,  dilute  to  250  cc.  and  proceed  as  in  the  final  titration  below. 

(c)  Direct  Titration  (Absence  of  copper,  cobalt,  and  more  than 
1  per  cent  of  tungsten). 

Solutions  Required. 

Dilute  Nitric  Acid  {sp,  gr.  LSO),— Mix  380  cc.  of  HNO,  (sp.  gr. 
1.42)  and  620  cc.  of  distilled  water. 

Ammonium  Persulfate  (IS-per-cent). — Make  up  as  needed  by  dis- 
solving 15  g.  of  the  salt  in  100  cc.  of  distilled  water. 

DihUe  Ammonia  (i  ;  i). — Mix  equal  volumes  of  NH4OH  (sp.  gr. 
0.90)  and  distilled  water. 

Stdfuric-Citric  Acids. — ^Dissolve  200  g.  of  citric  acid  in  a  cooled 
mixture  of  100  cc.  HjS04  (sp.  gr.  1.84)  and  900  cc.  of  distilled  water. 

Method. 

Transfer  1  g.  of  the  sample  to  a  400-cc.  beaker,  treat  with  20  cc 
of  dilute  HNOj  (sp.  gr.  1.20)  and  heat  \mtil  the  sample  is  dissolved. 
Add  8  to  10  cc.  of  ammonium  persulfate  solution  (l5-per-cent)  and  con- 
tinue the  boiling  for  five  minutes.  Cool  the  solution,  add  50  cc.  of 
the  sulfuric-citric  add  mixture,  and  then  dilute  NH4OH  (l  :  l)  until 
the  solution  is  just  alkaline  to  litmus,  when  an  excess  of  5  cc.  is  added. 
In  case  a  precipitate  is  formed,  use  more  citric  acid.  The  neutraliza- 
tion of  the  solution  should  be  made  as  soon  as  possible  after  the  addi- 
tion of  the  citric  acid,  as  otherwise  this  may  reduce  traces  of  iron. 
Cool  to  room  temperature,  dilute  to  250  cc.  and  proceed  as  in  the 
final  titration  below. 

Note. 

If  chromium  is  present  in  amounts  over  1  per  cent,  dissolve  the  steel  in  20  cc, 
of  dilute  HtS04  (I  :  4),  oxidize  with  5  cc.  of  HNOs  (sp.  gr.  1.42),  boil  5  minutes, 
cool,  add  50  cc.  of  sulfuric-citric  acid  mixture  and  proceed  as  above. 

11.     FINAL  TITRATION. 

Solutions  Required. 

Potassium  Iodide  {10-per-cent). — ^Dissolve  10  g.  of  KI  in  100  cc. 
of  distilled  water. 

Standard  Silver  Nitrate.— Dissolve  5.7903  g.  of  AgNOi  in  distilled 
water  and  dilute  to  exactly  1000  cc. 
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Standard  Potassium  Cyanide. — ^Dissolve  4.5  g.  of  KCN  in  1000  cc. 
of  distilled  water  containing  1  g.  of  KOH.  Standardize  this  solution 
against  the  standard  silver  nitrate  solution  as  follows:  To  a  400-cc. 
beaker  add  100  cc.  of  water,  3  cc.  of  NH4OH,  2  cc.  of  potassium  iodide 
solution  (lO-per-cent),  and  finally  30  cc.  of  silver  nitrate  solution  from 
a  burette.  Titrate  with  the  cyanide  solution  until  the  solution  is 
perfectly  clear,  and  then  add  more  silver  nitrate  solution  until  a  faint 
cloudiness  is  obtained  which  can  be  dispelled  by  two  drops  of  the 
cyanide  solution.  Adjust  the  cyanide  solution  so  that  it  is  equivalent 
to  the  silver  nitrate  solution  and  check  the  theoretical  value  (O.OOl  g. 
nickel)  by  standardizing,  by  the  procedure  chosen,  against  a  steel  of 
known  nickel  content  as  determined  by  the  gravimetric  dimethyl- 
glyoxime  method. 

Method. 

Add  2  cc.  of  potassium  iodide  solution  (lO-per-cent)  to  the  solu- 
tion prepared  as  in  (a),  (6),  or  (c)  and  then  from  a  burette  add  3  cc. 
of  standard  silver  nitrate  solution.  Slowly  add  standard  cyanide  solu- 
tion, with  constant  stirring,  until  the  solution  is  perfectly  clear.  Con- 
tinue the  addition  of  the  silver  nitrate  solution  and  titration  with 
cyanide  solution  until  the  cloudiness  of  the  solution,  due  to  the  addi- 
tion of  two  drops  of  the  standard  silver  nitrate,  is  just  expelled  by  the 
final  addition  of  two  drops  of  the  standard  cyanide.  Each  cubic 
centimeter  excess  of  standard  cyanide  solution  required  over  standard 
silver  nitrate  solution  used  in  the  titration  represents  0.1  per  cent 
of  nickel. 

Note. 

If  cobalt  is  present,  an  unsatisfactory  end  point  will  be  obtained  if  the  titration 
is  carried  out  as  directed  after  a  preliminary  separation  by  methods  (b)  or  (c) .  Cobalt 
may,  however,  be  titrated  satisfactorily  provided  it  is  first  oxidized  to  the  trivalent 
condition  by  boiling  the  ammoniacal  solution  with  NaClOt  prior  to  the  titration 
with  cyanide.  In  this  case,  the  compound  KiCo(CN)ft  is  formed  and  the  titration 
represents  the  combined  effect  of  nickel  and  cobalt.  (See  the  Determination  of 
Cobalt  in  Tungsten  Steel  by  the  Cyanide  Titration  Method  (Routine)).^ 


CHROME-NICKEL  STEEL. 
DETERMINATION  OF  CARBON. 
See  the  Determination  of  Carbon  in  Plain  Carbon  Steel  by  the 
Direct-Combustion  Method.* 

Note. 
Difficultly  combustible  high-chromium  steel  can  usually  be  burned  directly  if 
the  sample  is  heated  for  a  few  minutes  before  admitting  oxygen.    A  high  temperature 
(1100^  C.)  is  desirable,  and  in  extreme  cases  complete  combustion  can  be  had  by 
mixing  the  drillings  with  low-carbon  iron  or  steel. 

>  See  p.  633. 

*  TenUtive  Methods  of  Chemical  Analysis  of  Plain  Carbon  Steel  (Serial  OMignation:  A  33  -  22  T), 
p.  573. 


Digitized  by 


Google 


606      Tentative  Methods  of  Analysis  of  Alloy  Steels. 

DETERMINATION  OF  MANGANESE 

BY  THB 

HYDROLYSIS-BISMUTHATE  METHOD. 
(Absbncb  of  Cobalt.) 


Solutions  Required. 

DiluU  Sulfuric  Acid  (1 : 5).— Pour  100  cc.  of  II2SO4  (sp.  gr.  1.84) 
slowly  and  with  stirring  into  900  cc.  of  distilled  water. 

Sodium  Bicarbonate  (S-per-ceni). — ^Dissolve  80  g.  of  NaHCO«  m 
1000  cc  of  distilled  water. 

DihOe  Nitric  Acid  {S :  97).— Mix  30  cc.  of  HNO«  (sp.  gr.  1.42) 
and  970  cc.  of  distilled  water. 

Ferrous  Sulfate. — See  the  Determination  of  Manganese  in  Plain 
Carbon  Steel  by  the  Bismuthate  Method.^ 

Standard  Potassium  Permanganate. — See  the  Detennination  of 
Manganese  in  Plain  Carbon  Steel  by  the  Bismuthate  Method.^ 

Method. 

Dissolve  1.000  g.  of  the  sample  contained  in  a  200-cc  covered 
Erlenmeyer  flask  in  20  cc.  of  dilute  HSOi  (l  :  9).  When  action  is 
complete,  dilute  to  100  cc.  with  boiling  water.  Add  from  a  burette 
sodium  bicarbonate  solution  (8-per-cent)  until  a  permanent  precipitate 
is  formed  (approximately  36  cc.)  and  then  4  cc.  more.  Boil  one  minute, 
allow  to  settle  and  filter  on  a  rapid  filter,  washing  4  to  5  times  with 
boiling  water.  If  the  precipitation  has  been  properly  performed  there 
will  be  no  more  precipitate  than  can  be  conveniently  handled  on  a 
9-cm.  paper.  The  filtrate  will  become  cloudy  in  the  funnel  stem  and  in 
the  receiving  vessel,  owing  to  oxidation  and  hydrolysis.  Heat  the 
filtrate  to  boiling  and  oxidize  with  HNO«  (sp.  gr.  1.42),  adding  in  all 
12  cc.  Evaporate  to  about  25  cc,  cool  to  15^  C,  and  add  an  excess 
of  sodium  bismuthate.  Let  stand  for  a  few  minutes,  add  50  cc.  of 
dilute  HNO«  (3  :  97),  and  filter  through  asbestos.  Wash  with  the 
same  acid  until  the  washings  run  through  colorless.  Add  3  cc.  of 
HtF04  (sp.  gr.  1.71)  and  titrate  with  ferrous  sulfate  and  standard 
potassium  permanganate,  as  in  the  Determination  of  Manganese  in 
Plain  Carbon  Steel  by  the  Bismuthate  Method.* 

1  TenUtive  Methods  of  Chemical  Aaaljrsis  of  Plain  Carboa  Steel  (Serial  Dangnatioa:    A  33  - 
22  T).  p.  578. 
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Note, 

The  bicarbonate  precipitate  does  not  ordinarily  contain  more  than  small  amounts 
(about  0.005  per  cent)  of  manganese.  In  very  accurate  work  this  should  be  recov- 
ered by  transferring  the  precipitate  to  a  beaker,  dissolving  it  in  aqua  regia,  fuming 
with  sulfuric  add,  and  then  adding  sodium  hydroxide  and  sodium  peroxide  and 
boiling.  Chromium  and  vanadium  are  thus  separated  from  manganese  and  iron 
which  should  be  filtered  off,  dissolved  in  5  cc.  of  HNOs  (1:1)  and  added  to  the 
filtrate  from  the  bicarbonate  precipitation.  A  drop  of  sulfurous  acid  added  to  the 
nitric  acid  aids  in  the  solution  of  the  manganese  dioxide. 

DETERMINATION   OF  MANGANESE 

BY  THE 

PERSULFATE  METHOD. 
(Routine  and  in  Presence  of  Cobalt.) 

See  the  Determination  of  Manganese  in  Plain  Carbon  Steel  by 
the  Persulfate  Method  (Routine).* 

Note. 

In  making  the  titration  special  care  should  be  given  to  standardizing  the  end*, 
point  reading  and  the  reading  should  be  corrected  by  a  blank,  which  varies  with 
the  amount  of  chromium  present. 

DETERMINATION   OF  PHOSPHORUS. 

See  the  Determination  of.  Phosphorus  in  Plain  Carbon  Steel  by 
the  Molybdate-Magnesia  Method.^ 

See  the  Determination  of  Phosphorus  in  Plain  Carbon  Steel  by 
the  Alkalimetric  Method.* 

DETERMINATION   OF  SULFUR. 

See  the  Determination  of  Sulfur  in  Plain  Carbon  Steel  by  the 
Oxidation  Method.* 

See  the  Determination  of  Sulfur  in  Plain  Carbon  Steel  by  the 
Evolution-Titration  Method  (Routine).* 

Notes. 

The  Evolution-Titration  Method  should  not  be  used  with  steels  containing 
appreciable  amounts  of  tungsten  or  molybdenum  or  more  than  0.4  per  cent  of  copper. 

The  annealing  of  the  steel  drillings  has  been  found  by  a  numberof  investigators 
to  increase  the  degree  of  refinement  of  the  method. 

>  Tentative  Methods  of  ('hemical  Analysis  of  Plain  Carbon  Steel  (Serial  Designation:  A  33  -  22  T), 
p.  57B. 
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DETERMINATION   OF  SILICON. 

(a)  Low  Chromium. 

See  the  Determination  of  Silicon  in  Plain  Carbon  Steel  by  the 
Nitro-Sulfuric  Method.* 

(6)  High  Chromium. 

Solutions  Required. 

Dilute  Sulfuric  Acid  {1  :  P).— Pour  100  cc.  of  H2SO4  (sp.  gr.  1.84) 
slowly  and  with  stirring  into  900  cc.  of  distilled  water. 

Dilute  Hydrochloric  Acid  (5 :  95) -Mix  50  cc.  of  HCl  (sp.  gr. 
1.19)  and  950  cc.  of  distilled  water. 

Method. 

Dissolve  2.338  g.  of  the  sample  in  a  covered  porcelain  dish  in 
30  cc.  of  HCl  (sp.  gr.  1.19)  or  100  cc.  of  dilute  sulfuric  add  (l  :  9). 
If  vanadium  or  molybdenum  is  present,  add  a  few  crystals  of  sodium 
chlorate  when  the  action  is  complete,  boil,  and  then  evaporate  to  low 
bulk.  If  sulfuric  acid  has  not  been  added,  cautiously  add  15  cc.  of 
H2SO4  (sp.  gr.  1.84)  and  continue  the  evaporation  until  fumes  of 
H2SO4  are  copiously  evolved.  Cool,  dilute  with  125  cc.  of  distilled 
water,  add  5  cc.  of  HCl  (sp.  gr.  1.19)  and  warm  gently  with  frequent 
stirring  until  the  soluble  salts  have  dissolved.  Immediately  filter 
through  an  11 -cm.  filter  paper,  wash  with  dilute  HCl  (5  :  95)  until 
free  from  iron  and  then  with  hot  water  until  free  from  add.  Transfer 
the  filter  to  a  platinum  crucible,  bum  off  the  paper  carefully  and  finally 
ignite,  with  the  crucible  covered,  over  a  blast  lamp  or  in  a  muffle 
furnace  at  1000°  C.  for  at  least  10  minutes.  Cool  in  a  desiccator  and 
weigh.  Add  suffident  dilute  H2SO4  (l  :  l)  to  moisten  the  silica,  and 
then  a  small  amount  of  HF.  Evaporate  to  dryness,  ignite  and  weigh. 
The  difference  in  weights  represents  the  amount  of  silica. 

Note. 

A  blank  determination  on  all  reagents  used  should  be  made  and  the  results 
corrected  accordingly. 

>  Tentative  Methods  of  Chemical  Analysis  of  Plain  Carbon  Steel  (Serial  Designation:      A  33  - 
22  T),  p.  578. 
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DETERMINATION  OF  CHROMIUM 

BY  THE 

PERSULFATE  OXIDATION   METHOD. 


Solutions  Required. 

SidfuriC'Phosphoric  Acid  Mixture -Mbi  320  cc.  of  H1SO4  (l  :  l), 
80  cc.  of  HaP04  (85-per-cent)  and  600  cc.  of  distilled  water. 

Dilute  Nitric  Acid  {sp.  gr.  L£0)—Mbi  380  cc.  of  HNO,  (sp.  gr. 
1.42)  and  620  cc.  of  distilled  water. 

Silver  Nitrate  {i.d-per-cent).— Dissolve  25  g.  of  AgNOa  in  1000  cc. 
of  distilled  water. 

Ammonium  Persulfate  (iS-per-cent) — Make  up  as  needed  by  dis-. 
solving  15  g.  of  the  salt  in  100  cc.  of  distilled  water. 

Sodium  Chloride  (S-per-cent). — Dissolve  50  g.  of  NaCl  in  1000  cc. 
of  distilled  water. 

Standard  Ferrous  Sulfate. — Dissolve  12  g.  of  ferrous  ammonium 
sulfate  in  a  cold  mixture  of  50  cc.  of  H8SO4  (sp.  gr.  1.84)  and  950  cc. 
of  distilled  water.  This  solution  is  preferably  adjusted  so  that  it  is 
exactly  equivalent  to  the  permanganate  solution  which  is  used. 

Standard  Permanganate  Solution. — Dissolve  0.95  g.  of  KMn04  in 
1000  cc.  of  distilled  water,  allow  to  age  for  at  least  one  week  and  filter 
through  purified  asbestos.  When  much  work  is  done,  a  desirable 
method  of  preparing  the  solution  consists  in  aging  large  volumes  of 
two  solutions,  one  slightly  stronger  than  the  above  and  one  about  one- 
fifth  as  strong.  Clear,  one  to  two-liter  portions  of  these  aged  solutions 
may  then  be  siphoned  off,  standardized  and  mixed  to  get  the  desired 
titre.  Standardize  the  permanganate  solution  against  the  Bureau  of 
Standards  Standard  Sodium  Oxalate  Sample  No.  40a  as  follows: 

In  a  200-cc.  beaker  dissolve  0.075  to  0.10  g.  of  sodium  oxalate 
in  75  cc.  of  hot  water  (80  to  90°  C.)  and  add  5  cc.  of  dilute  H1SO4 
(1  :  1).  Titrate  at  once  with  the  permanganate  solution,  stirring  the 
liquid  vigorously  and  continuously.  The  permanganate  must  not  be 
added  more  rapidly  than  10  to  15  cc.  per  minute,  and  the  last  0.5  to 
1  cc.  must  be  added  dropwise,  with  particular  care  to  allow  each  drop 
to  be  fully  decolorized  before  the  next  is  introduced.  The  excess  of 
permanganate  used  to  cause  an  end  point  color  must  be  estimated  by 
matching  the  color  in  another  beaker  containing  the  same  bulk  of 
acid  and  hot  water.  The  temperature  of  the  solution  should  not  be 
below  60®  C.  by  the  time  the  end  point  is  reached. 
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Method. 
Transfer  2  g.  of  the  sample  to  a  600-cc.  beaker  and  add  60  cc-  of 
sulfuric-phosphoric  acid  mixture.  Heat  until  all  action  ceases,  add 
10  cc.  of  HNOs  (sp.  gr.  1.20),  and  boil  until  solution  is  complete  and 
oxides  of  nitrogen  are  expelled.  Add  silver  nitrate  solution  (2.5-per- 
cent) in  amount  equal  to  0.3  g.  of  the  salt  for  each  1.5  per  cent  of 
chromium  present.  Dilute  to  300  cc.  with  boiling  water,  heat  to  boil- 
ing, and  add  8  cc.  of  ammonium  persulfate  solution  (l5-per-cent). 
When  the  permanganate  color  has  developed,  add  5  cc.  of  sodimn 
chloride  solution  (5-per-cent)  and  boil  until  the  pink  color  disappears 
and  the  persulfate  is  decomposed,  which  requires  about  10  minutes. 
Cool  the  solution,  dilute  to  approximately  400  cc.  and  titrate  for 
chromium  as  follows:  Add  a  measured  excess  gf  standard  ferrous 
sulfate  solution  (50  cc.  for  less  than  1.5  per  cent  chromium,  100  cc. 
for  1.5  to  3  per  cent  chromium)  and  then  titrate  with  the  standard 
potassium  permanganate  solution  until  an  end  point  is  obtained  which 
is  permanent  upon  continued  stirring  for  at  least  one  minute.  The 
titration  must  be  corrected  for  dilution  and  color  effect.  If  no 
chromium  or  nickel  were  present  the  dilution  effect  alone  would  be 
involved  and  satisfactorily  eliminated  by  titrating  the  same  volume 
of  ferrous  sulfate  solution  in  a  solution  of  like  volume  and  acidity. 
In  colored  solutions  the  correction  can  be  made  (l)  empirically,  as 
judged  by  experience;  (2)  by  titration  of  the  same  volume  of  ferrous 
sulfate  in  a  solution  of  like  volume  and  acidity  and  containing  the 
same  amount  of  the  coloring  elements  in  their  final  valency;  or  (3) 
in  the  final  titrated  solution.  The  last  is  the  most  convenient  and 
satisfactory  and  may  be  performed  by  destro)ring  the  slight  excess  of 
permanganate  which  is  present  in  the  titrated  solution  by  a  few  drops 
of  hydrogen  peroxide,  boiling  imtil  the  excess  of  peroxide  and  the 
pervanadate  are  destroyed  (10  minutes  actual  boiling),  cooling  to 
room  temperature,  and  then  titrating  with  the  permanganate  solu- 
tion. The  difference  between  the  volumes  of  permanganate  used  is 
then  a  true  oxidizing  equivalent  of  the  excess  of  ferrous  sulfate  em- 
ployed and  the  percentage  of  chromium  may  be  calculated  in  the 
usual  manner.  The  final  solution  may  be  preserved  for  the  determina- 
tion of  vanadium  as  described  in  the  Determination  of  Vanadium  in 
Chrome-Vanadium  Steel  by  Reduction  with  Ferrous  Sulfate  and 
Titration  with  Permanganate  Method  (Routine).^ 

DETERMINATION  OF  NICKEL. 
See  the  Determination  of  Nickel  in  Nickel  Steel  by  the  Gravi- 
metric Dimethylglyoxime  Method." 

>  See  p.  617. 
•  SMp.601. 
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See  the  Determination  of  Nickel  in  Nickel  Steel  by  the  Cyanide 
Titration  Method.^ 


VANADIUM  STEEL. 

All  determinations  are  carried  out  as  in  the  methods  of  chemical 
analysis  of  Chrome- Vanadium  Steel. 


CHROME-VANADIUM  STEEL. 

DETERMINATION  OP  CARBON. 
See  Determination  of  Carbon  in  Chrome-Nickel  Steel.* 
DETERMINATION  OP  MANGANESE. 

See  the  Determination  of  Manganese  in  Chrome-Nickel  Steel  by 
the  Hydrolysis-Bismuthate  Method.* 

See  the  Determination  of  Manganese  in  Chrome-Nickel  Steel  by 
the  Persulfate  Method  (Routine).* 

DETERMINATION  OP  PHOSPHORUS 

BY  TBB 

MODIPIED  MOLYBDATE-MAGNESIA  METHOD. 


Solutions  Reqxtised. 

Dilute  Nitric  Acid  {sp.  gr.  LSO).— Mix  380  cc.  of  HNO,  (sp.  gr. 
1 .42)  and  620  cc.  of  distilled  water. 

Dilute  Nitric  Add  {2 :  700).— Mix  20  cc.  of  HNOi  (sp.  gr.  1.42) 
and  1000  cc.  of  distilled  water. 

Potassium  Permanganate  (2.5'per-cent). — See  the  Determination 
of  Phosphorus  in  Plain  Carbon  Steel  by  the  Molybdate-Magnesia 
Method.* 

Ammonium  Bisulfite  (S-per-cent). — Sec  the  Determination  of 
Phosphorus  in  Plain  Carbon  Steel  by  the  Molybdate-Magnesia 
Method.* 

AmTnonium  Molybdate. — See  the  Determination  of  Phosphorus  in 
Plain  Carbon  Steel  by  the  Molybdate-Magnesia  Method.* 

1  See  p.  603. 
*Seep.60S. 
>  See  p.  606. 
•See  p.  607. 

*  TeaUtive  Method!  of  Chemicd  Anelyrit  of  Plain  Cerboa  Steel  (Serial  OetignaUon  i  A  35  - 
22  T).  p.  578.    . 
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Magnesia  Mixture, — See  the  Determination  of  Phosphorus  in 
Plain  Carbon  Steel  by  the  Molybdate-Magnesia  Method.^ 

Dilute  Ammonium  Hydroxide  {1  :  Si), — See  the  Determination  of 
Phosphorus  in  Plain  Carbon  Steel  by  the  Molybdate-Magnesia 
Method.* 

Dilute  Ammonium  Hydroxide  (1  :  19). — See  the  Determination  of 
Phosphorous  in  Plain  Carbon  Steel  by  the  Molybdate-Magnesia 
Method  J 

Ferrous  Sulfate. — Dissolve  40  g.  of  ferrous  sulfate  in  100  cc.  of 
distilled  water  that  has  been  acidified  with  1  cc.  of  H1SO4  (sp.  gr.  1.84) 

Method. 

In  a  300-cc.  Erlenmeyer  flask  dissolve  5  g.  of  steel  in  75  cc  of 
dilute  HNOs  (sp.  gr.  1.20).  Heat,  and  while  boiling,  add  about  12  cc. 
of  potassium  permanganate  solution  (2.5-per-cent),  and  continue  boil- 
ing tmtil  manganese  dioxide  precipitates.  Dissolve  the  precipitate  by 
additions  of  ammonium  bisulfite  solution  (3-per-cent)  or  ferrous  sulfate 
solution,  boil  until  clear  and  free  from  oxides  of  nitrogen.  Cool  to 
15  to  2(f  C,  add  5  cc.  of  the  ferrous  sulfate  solution,  and  2  or  3  drops 
of  concentrated  sulfurous  acid,  and  then  100  cc.  of  the  ammoniiun- 
molybdate  solution.  Shake  or  agitate  thoroughly  for  5  minutes,  allow 
to  settle  for  at  least  30  minutes,  filter  on  a  9-cm.  paper  and  wash  the 
flask  and  precipitate  at  least  3  times  with  dilute  HNO3  (2  :  100)  to  free 
from  iron.  Treat  the  precipitate  on  the  filter  with  dilute  NH4OH 
(1  :  2),  lettmg  the  solution  run  into  the  orighial  flask  and  avoiding  the 
use  of  more  than  10  to  20  cc.  of  the  reagent.  Pour  a  solution  of  0.5  g. 
of  citric  acid  in  15  cc.  of  water  and  10  cc.  of  HCl  (sp.  gr  1.19)  through 
the  filter  in  order  to  dissolve  any  ferric  phosphate  on  the  ps^er  and 
render  acid  the  ammoniacal  solution  of  the  phosphate.  Transfer  the 
solution  to  a  100-cc.  beaker,  add  10  cc.  of  the  magnesia  mixture,  and 
precipitate  the  phosphate  by  adding  ammonium  hydroxide  (sp.  gr. 
0.90)  slowly  and  witi  constant  stirring,  until  a  crystallin  precipitate 
is  formed  or  the  solution  is  alkaline.  Finally  add  10  per  cent  by  volume 
in  excess.  Set  aside  in  a  cool  place  for  from  2  to  6  hours,  filter  and  wash 
with  dilute  NH4OH  (1  :  19).  Ignite  and  weigh.  Dissolve  the  precipi- 
tate of  magnesium  pyrophosphate  with  5  cc.  of  dilute  HNOj  (sp.  gr. 
1.20)  and  20  cc.  of  water,  filter  and  wash  with  hot  water.  Ignite  and 
weigh.  The  difference  in  weights  represents  pure  magnesium  pryo- 
phosphate  containing  27.87  per  cent  of  phosphorus. 

&  Tentative  Methods  of  Chemical  Analysis  of  Plain  Carbon  Steel  (Serial  Designation:   A  13- 
22  T),  p.  S78.  % 
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NOTB. 

The  ammonium-iQolybdate  solution  should  be  kept  in  a  cool  place  and  should 
always  be  absolutely  clear  before  using. 

If  arsenic  is  present  in  the  steel,  it  will  come  down  in  part  with  the  phospho- 
molybdate  and  contaminate  the  pyrophosphate.  In  very  accurate  work  or  when 
arsenic  is  present  in  appreciable  amotmt,  steps  must  be  taken  for  its  removal 
before  precipitation  with  magnesia  mixture. 

DETERMINATION  OF  PHOSPHORUS 

BY  THB 

MODIFIED  ALKALIMETRIC  METHOD. 
(Routine.) 


Solutions  Required. 

Dilute  NUric  Acid  {sp,  gr.  1.S0). — See  the  Determination  of  Phos- 
phorus by  the  Modified  Molybdate-Magnesia  Method.* 

Dilute  Nitric  Add  for  Washing  {2  :  100). — See  the  Determination 
of  Phosphorus  by  the  Modified  Molybdate-Magnesia  Method.* 

Potassium  Permanganate  {B.6-per-cent). — See  the  Determination 
of  Phosphorus  by  the  Modified  Molybdate-Magnesia  Method.* 

Ammonium  Bisulfite  (S-per-cenl). — See  the  Determination  of 
Phosphorus  by  the  Modified  Molybdate-Magnesia  Method.* 

Ammonium  Molyhdate. — See  the  Determination  of  Phosphorus  by 
the  Modified  Molybdate-Magnesia  Method.* 

Ferrous  Sulfate, — See  the  Determination  of  Phosphorus  by  the 
Modified  Molybdate-Magnesia  Method.* 

Potassium  Nitrate  (l-per-cent). — See  the  Determination  of  Phos- 
phorus in  Plain  Carbon  Steel  by  the  Alkalimetric  Method  (Routine).* 

Phenolphthalein  Indicator. — See  the  Determination  of  Phosphorus 
in  Plain  Carbon  Steel  by  the  Alkalimetric  Method  (Routine).* 

Standard  Sodium  Hydroxide. — See  the  Determination  of  Phos- 
phorus in  Plain  Carbon  Steel  by  the  Alkalimetric  Method  (Routine).* 

Standard  Nitric  Acid. — See  the  Determination  of  Phosphorus  in 
Plain  Carbon  Steel  by  the  Alkalimetric  Method  (Routine).* 

Method. 

In  a  300-cc.  Erlenmeyer  flask,  dissolve  2  g.  of  steel  in  50  cc.  of 
dilute  HNOg  (sp.  gr.  1.20).    Heat,  and  while  boiling  add  6  cc.  of 

iSeep.611. 

•  Tentative  Methods  of  Chemical  Analysis  of  FUin  Carbon  Steel  (Serial  Designation:    A  33  - 
22  T),  p.  378. 
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potassium  permanganate  solution  (2.5-per-cent)  and  continue  boiling 
until  manganese  dioxide  precipitates.  Dissolve  this  precipitate  by 
additions  of  the  ammonium  bisulfite  solution  (3-per-cent)  or  ferrous 
sulfate  solution,  boil  until  clear  and  free  from  oxides  of  nitrogen  and 
cool  to  15  to  20°  C.  Add  5  cc.  of  the  ferrous  sulfate  solution  and  2  or  3 
drops  of  concentrated  sulfurous  acid,  and  then  50  cc.  of  the  ammonium- 
molybdate  solution.  Shake  or  agitate  for  5  minutes,  allow  to  settle  for 
at  least  30  minutes,  filter  on  a  9-cm.  paper,  wash  the  precipitate  and 
flask  three  times  with  dilute  HNOi  (2  :  100)  to  free  it  from  iron,  and 
continue  the  washing  with  the  potassium  nitrate  solution  (l-per-cent) 
until  the  precipitate  and  flash  are  free  from  acid. 

Transfer  the  paper  and  precipitate  to  the  solution  flask,  add  20 
cc.  of  distilled  water  (see  Notes),  5  drops  of  phenolphthalein  solution 
as  indicator,  and  an  excess  of  the  standard  sodiiun  hydroxide  solution. 
Insert  a  rubber  stopper  and  shake  vigorously  until  solution  of  the 
precipitate  is  complete.  Wash  off  the  stopper  with  distilled  water 
and  determine  the  excess  of  standard  sodium  hydroxide  solution  by 
titrating  with  standard  nitric  acid  solution.  Each  cubic  centimeter  of 
standard  sodium  hydroxide  solution  represents  0.01  per  cent  of 
phosphorus. 

Notes. 

The  ammonium  molybdate  solution  should  be  kept  in  a  cool  place  and  should 
always  be  absolutely  clear  before  using. 

All  distilled  water  used  in  titration  should  be  freed  from  carbon  dioxide  by 
boiling  or  otherwise. 

Bureau  of  Standards  Standard  Steel  No.  306  or  its  renewal  is  recommended  as 
a  suitable  steel  for  standardizing  the  sodium  hydroxide  solution. 

DETERMINATION  OF  SULFUR. 

See  the  Determination  of  Sulfur  in  Plain  Carbon  Steel  by  the 
Oxidation  Method.^ 

See  the  Determination  of  Sulfur  in  Plain  Carbon  Steel  by  the 
Evolution-Titration  Method  (Routine).^ 

Notes. 

The  Evolution-Titration  Method  should  not  be  used  with  steels  containing 
appreciable  amoimts  of  tungsten  or  molybdenum  or  more  than  0.4  per  cent  of  copper. 

The  annealing  of  the  steel  drillings  has  been  found  by  a  number  of  investigators 
to  increase  the  degree  of  refinement  of  the  method. 


1  Tentative  Methods  of  Chemical  Analysis  of  Plain  Carbon  Steel  (Serial  Designation:   A  33- 
22  T),  p.  S78. 
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DETERMINATION   OF  SILICON. 

See  the  Detennination  of  Silicon  in  Plain  Carbon  Steel  by  the 
Nitro-Sulfuric  Method.* 

See  the  Determination  of  Silicon  in  Plain  Carbon  Steel  by  the 
Sulfuric- Acid  Method  (Optional).* 

DETERMINATION   OF  CHROMIUM. 

See  the  Detennination  of  Chromium  in  Chrome-Nickel  Steel  by 
the  Persulfate  Oxidation  Method.*  Reserve  the  titrated  solution  for 
the  Determination  of  Vanadium  by  Reduction  with  Ferrous  Sulfate 
and  Titration  with  Permanganate  (Routine). 

DETERMINATION   OF  VANADIUM 

BY  THE 

ELECTROLYTIC  SEPARATION   METHOD. 


Solutions  Required. 

Dilute  Sulfuric  Acid  (i  ;  P).— Carefully  mix  100  c.c  of  H2SO4 
(sp.  gr.  1.84)  and  900  cc.  of  distilled  water. 

Dilute  Sulfuric  Acid  (l  :  i).— Add  500  cc.  of  HiSO*  (sp.  gr.  1.84) 
slowly  and  with  stirring  to  500  cc.  of  distilled  water. 

Sodium  Bicarbonate  (jS-per-cent). — ^Dissolve  80  g.  of  NaHCOi  in 
1000  cc.  of  distilled  water. 

Potassium  Ferricyanide, — Prepare  a  very  dilute  solution  as  needed, 
by  dissolving  a  crystal  the  size  of  the  head  of  a  pin  in  25  cc.  of  dis- 
tilled water. 

Standard  Potassium  Permanganate. — See  the  Determination  of 
Chromium  in  Chrome-Nickel  Steel  by  the  Persulfate  Oxidation 
Method.^ 

Method. 

Dissolve  2  g.  of  the  sample,  contained  in  a  200-cc.  covered  Erlen- 
meyer  flask,  in  30  cc.  of  dilute  H2SO4  (l  :  9).  When  action  is  com- 
plete, dilute  to  100  cc.  with  boiling  water,  heat  to  boiling,  and  add 
sodium  bicarbonate  solution  (8-per-cent)  from  a  burette  until  a  per- 
manent precipitate  appears  (approximately  36  cc.)  and  then  4  cc. 
more.  Let  settle,  filter  on  a  rapid  filter  and  quickly  wash  the  flask 
and  precipitate  with  hot  water.  If  the  precipitation  has  been  properly 
performed  there  will  be  no  more  precipitate  than  can  be  conveniently 

>  Tentative  Methods  of  Chemical  Analysis  of  Plain  Carbon  Steel  (Serial  Designation:    A  33  - 
22  T).  p.  578. 
s  See  p.  609. 
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handled  on  a  9-cm.  paper.  The  filtrate  will  become  cloudy  in  the 
funnel  stem  and  in  the  receiving  vessel,  owing  to  oxidation  and  hydro- 
lysis. (If  the  flask,  paper  and  precipitate  have  been  well  washed,  the 
filtrate  will  contain  all  but  traces  of  the  manganese  in  the  sample 
free  from  chromium  and  vanadium,  and  therefore,  it  may  be  oxidized 
with  nitric  acid  and  the  manganese  determined  by  the  bismuthate  or 
p)ersulfate  methods.)  Place  the  paper  and  precipitate  in  the  original 
flask,  add  20  cc.  of  HNOg  (sp.  gr.  1.42)  shake  until  the  paper  is  broken 
up,  and  then  add  5  cc.  of  H2SO4  (sp.  gr.  1.84).  Heat  over  a  free  flame 
until  fumes  of  sulfuric  acid  are  given  off,  cool,  and  then  add  more 
HNOa  and  repeat  the  heating  in  case  the  organic  matter  has  not  been 
destroyed.  Finally  cool,  wash  down  the  sides  of  the  flask,  and  evapo- 
rate again  to  the  appearance  of  fumes  of  sulfuric  acid  and  until  all  of  the 
nitric  acid  has  been  expelled.  Cool,  dilute  to  40  cc.  and  nearly  neutral- 
ize the  solution  with  NH4OH  (sp.  gr.  0.90).  Transfer  the  weakly  acid 
solution  to  the  electrolyzing  apparatus,  rinsing  the  flask  with  small 
portions  of  water  and  keeping  the  total  volume  of  the  solution  down  to 
70  cc.  The  electrolysis  may  be  performed  with  a  mercury  cathode 
in  (1)  a  special  modified  separatory  funnel,^  (2)  in  a  small  beaker  with 
sealed-in  platinum  wire,'  or  (3)  in  an  ordinary  beaker  with  the  cathode 
wire  enclosed  in  a  glass  tube  extending  into  the  mercury.  In  any  case, 
the  cathode  wire  should  be  imbedded  in  about  200  g.  of  mercury,  and 
the  solution  electrolyzed  (preferably  with  a  stirring  arrangement) 
using  a  current  of  5  to  6  amperes  at  6  to  7  volts.  Continue  the 
electrolysis  (ordinarily  15  to  20  minutes  if  the  solution  is  stirred) 
until  iron  is  absent  as  indicated  by  a  ferricyanide  test  on  a  small  drop 
of  the  electrolyte.  When  iron  is  absent,  remove  the  electrolyte  and 
wash  the  mercury  two  or  three  times  with  25  to  30  cc.  of  water  while 
the  current  is  continued.  The  solution  must  now  give  no  test  for 
iron.  Add  2  to  3  cc.  of  dilute  H2SO4  (l  :  l),  heat  to  70  to  80""  C, 
and  add  permanganate  solution  to  a  strong  pink  color.  Run  sulfur 
dioxide  into  the  boiling  solution  for  a  few  minutes  until  the  vanadiimi 
is  reduced,  and  then  a  rapid  stream  of  carbon  dioxide  until  the  escapmg 
steam  gives  no  test  for  SO2.  Cool  the  solution  to  70  to  80®  C.  and 
titrate  with  the  standard  permanganate  solution.  Repeat  the  reduc- 
tion and  titration  until  concordant  results  are  obtained.  The  titration 
should  be  corrected  by  a  blank  determination  on  a  solution  of  like 
volume  and  acidity. 

*  Reprint  161  from  the  BuUetin  of  the  Bureau  of  Standards,  Vol.  7.  No.  3;   Journal  Industrial 
and  Engineering  Chemistry,  Vol.  3,  p.  476  (1911). 

'  Smith.  Electroanalysis.  Fifth  Edition,  P.  Blakiston's  Son  and  Co..  p.  63. 


Digitized  by 


Google 


Serial  Designation:  A  55-22  T.  617 

DETERMINATION  OF  VANADIUM 

BY 

REDUCTION  WITH  FERROUS  SULFATE  AND  TITRATION  WITH 

PERMANGANATE. 

(ROUTINB.) 


Solutions  Required. 

SulfuriC'Phosphoric  Acid  Mixture. — See  the  Determination  of 
Chromium  in  Chrome-Nickel  Steel  by  the  Persulfate  Oxidation 
Method.^ 

Dilute  Nitric  Acid  {1  :  l). — See  the  Determination  of  Chromium 
in  Chrome-Nickel  Steel  by  the  Persulfate  Oxidation  Method.* 

Silver  Nitrate  (tJ-per-cent), — See  the  Determination  of  Chromium 
in  Chrome-Nickel  Steel  by  the  Persulfate  Oxidation  Method.* 

Ammonium  Persulfate  (IB-per-cent). — See  the  Determination  of 
Chromium  in  Chrome-Nickel  Steel  by  the  Persulfate  Oxidation 
Method.* 

Sodium  Chloride  (S-per-cent). — See  the  Determination  of  Chro- 
mium in  Chrome-Nickel  Steel  by  the  Persulfate  Oxidation  Method.* 

Standard  Ferrous  Sulfate. — See  the  Determination  of  Chromium 
in  Chrome-Nickel  Steel  by  the  Persulfate  Oxidation  Method.* 

Standard  Potassium  Permanganate. — See  the  Determination  of 
Chromium  in  Chrome-Nickel  Steel  by  the  Persulfate  Oxidation 
Method.* 

Method. 

See  the  Determination  of  Chromium  in  Chrome-Nickel  Steel  by 
the  Persulfate  Oxidation  Method.* 

Use  the  solution  employed  for  the  determination  of  chromium 
and  add  10  cc.  of  ferrous  sulfate  solution  if  vanadium  is  under  0.80 
per  cent,  and  20  cc.  if  the  vanadium  content  is  higher.  Stir  the  solu- 
tion thoroughly,  add  8  cc.  of  ammonium  persulfate  solution  (15-per- 
cent) and  stir  for  one  minute.  Titrate  with  the  standard  perman- 
ganate solution  to  a  definite  pink  color  which  does  not  fade  upon 
continued  stirring  for  one  minute.  In  this  determination  the  ferrous 
sulfate  reduces  the  vanadium,  the  persulfate  oxidizes  the  excess  of  fer- 
rous sulfate  but  does  not  oxidize  the  reduced  vanadium  and  the  reduced 
vanadium  is  oxidized  by  permanganate  which  does  not  react  with  the 
excess  of  persulfate.  As  in  the  determination  of  chromium,  an  excess 
of  permanganate  is  used  in  order  to  overcome  the  dilution  effect  and 
the  color  interference,  and  the  same  blank  correction  should  be 
subtracted  as  was  there  found. 
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TUNGSTEN  STEEL. 
DETERMINATION  OF  CARBON. 

See  the  Determination  of  Carbon  in  Plain  Carbon  Steel  by  the 
Direct-Combustion  Method.' 

Note. 

Difficultly  combustible  ttlngsten  steel  can  often  be  burned  directly  if  the  sample 
is  heated  for  a  few  minutes  before  admitting  oxygen.  A-  high  temperature  (1 100*  C.) 
is  desirable,  and  in  extreme  cases  complete  combustion  can  be  had  by  mixing  the 
sample  with  low-carbon  iron  or  steel. 

DETERMINATION  OF  MANGANESE 

BT  THB 

HYDROLYSIS-BISMUTHATB  METHOD. 
(Absbncb  of  Cobalt.) 


Solutions  Reqihred. 

Dilute  Sulfuric  Acid  {1  :  4).— Pour  200  cc.  of  H1SO4  (sp.  gr.  1.84) 
slowly  and  with  constant  stirring,  into  800  cc.  of  distilled  water. 

Dilute  Sulfuric  Acid  {5  :  96).— Tour  50  cc.  of  H1SO4  (sp.  gr.  1.84) 
slowly  and  with  stirring,  into  950  cc.  of  distilled  water. 

Sodium  Carbonate  (S-per-cent). — ^Dissolve  80  g.  of  NatCOi  in 
1000  cc.  of  distilled  water. 

Dilute  Nitric  Acid  {S  :  97), — See  the  Determination  of  Manganese 
in  Plain  Carbon  Steel  by  the  Bismuthate-Ferrous  Sulfate  Method.^ 

Standard  Ferrous  Sulfate. — See  the  Determination  of  Manganese 
in  Plain  Carbon  Steel  by  the  Bismuthate-Ferrous  Sulfate  Method.^ 

Standard  Potassium  Permanganate. — See  the  Determination  of 
Manganese  in  Plain  Carbon  Steel  by  the  Bismuthate-Ferrous  Sulfate 
Method.^ 

Method. 

In  a  covered  150-cc.  beaker,  dissolve  1  g.  of  the  sample  in  30  cc 
of  dilute  H1SO4  (1  :  4).  When  solution  is  complete,  dilute  to  50  cc, 
filter  through  a  small  paper  into  a  250-cc.  Erlenmeyer  flask,  wash  with 
a  little  dilute  H9SO4  (5  :  95),  and  reserve  the  residue.  Add  a  pinch  of 
NaaCOj  to  the  solution  to  provide  a  non-oxidizing  atmosphere,  cover 
the  flask  and  set  aside.  Quickly  ignite  the  insoluble  matter  in  a  por- 
celain crucible,  fuse  with  a  little  alkali  pyrosulfate,  take  up  the  melt 
m  a  very  little  dilute  H2SO4  (5  :  95),  filter,  and  add  the  filtrate  to  the 
reserved  filtrate.  Dilute  the  combined  solutions  to  100  cc,  boil,  and 
add  sodium  carbonate  solution  (8-per-cent)  from  a  burette  until  a 
permanent  precipitate  appears  and  then  4  cc.  more.  Boil  for  one 
minute,  let  settle,  filter  rapidly  and  wash  well  with  hot  water.    The 
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precipitate  should  be  no  larger  than  can  be  conveniently  handled  on 
a  9-cm.  paper  and  the  filtrate  will  become  cloudy  owing  to  oxidation 
and  hydrolysis.  Add  15  cc.  of  HNOs  (sp.  gr.  1.42)  to  thp  filtrate,  heat 
to  boiling,  and  evaporate  to  approximately  50  cc.  Cool  to  room 
temperature,  add  an  excess  of  sodium  bismuthate,  agitate  for  a  few 
minutes,  add  50  cc.  of  dilute  HNOs  (3  :  97),  and  then  fUter,  wash  the 
residue  and  titrate  as  in  the  Determination  of  Manganese  in  Plain 
Carbon  Steel  by  the  Bismuthate  Method.' 

DETERMINATION  OF  MANGANESE 

BY  THE 

PERSULFATE-ARSENITE  METHOD. 
(Routine  and  in  the  Presence  of  Cobalt.) 


SoLxmoNS  Required. 

Dilute  Sulfuric  Acid  {1 :  i).— Pour  500  cc.  of  H1SO4  (sp.  gr.  1.84) 
slo^y  and  with  constant  stirring,  into  500  cc.  of  distilled  water. 

DihOe  Nitric  Acid  {sp,  gr.  i.«0).— Mix  380  cc.  of  HNOs  (sp.  gr. 
1.42)  and  620  cc.  of  distilled  water. 

Silver  Nitrate  (O.B'per-cent). — Dissolve  5  g.  of  AgNOs  in  a  mixture 
of  750  cc.  of  distilled  water  with  250  cc  of  H8SO4  (l  :  l). 

Ammanium  Persulfate  (IS-per-cent). — Prepare  as  needed  by  dis- 
solving 15  g.  of  (NH4)sSi08  in  100  cc.  of  distilled  water. 

Sodium  Chloride  {O.B-per-cent).— Dissolve  5  g.  of  NaCl  in  1000  cc. 
of  distilled  water. 

Standard  Sodium  Arsenite  Solution. — Dissolve  2  g.  of  sodium  arsen- 
ite  in  1000  cc.  of  distilled  water  and  standardize  against  a  standard 
steel  or  by  withdrawing  10  cc.  of  0.03  N  permanganate  (or  its  equiva- 
lent) into  a  250-cc.  beaker,  adding  50  cc  of  water  and  10  cc.  of  H8SO4 
(1  :  1)  and  titrating  with  the  arsenite  solution. 

Method. 

Transfer  0.50  g.  of  steel  to  a  flask,  add  25  cc.  of  water,  5  cc.  of 
dilute  HsS04  (l  :  l)  and  2  cc.  of  phosphoric  acid  (85-per-cent)  and 
heat  until  all  effervescence  ceases.  Add  10  cc.  of  HNOs  (sp.  gr.  1.20), 
and  boil  to  dissolve  the  tungstic  acid.  Add  50  cc.  of  silver  nitrate  solu- 
tion (0.5-per-cent)  (sufficient  for  5  per  cent  chromium  steel),  boil,  and 
add  15  cc.  of  ammonium  persulfate  solution  (15-per-cent).  Remove 
the  flask  from  the  heat,  allow  to  stand  in  a  warm  place  until  the  color 
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has  developed,  and  then  rapidly  cool.  Transfer  the  solution  to  a 
250-CC.  beaker,  dilute  to  a  volume  of  100  cc.  and  add  30  cc.  of  sodium 
chloride  solution  (0.5-per-cent)  to  precipitate  the  silver.  Titrate  with 
the  standard  sodium  arsenite  solution  to  the  disappearance  of  the 
pink  tint  of  permanganic  acid.  The  addition  of  sodium  chloride  is 
unnecessary  if  the  solution  of  permanganic  acid  is  quite  cold  and  the 
titration  is  conducted  rapidly. 

DETERMINATION  OP  PHOSPHORUS 

BT  THB 

MOLYBDATE-MAGNESIA  METHOD. 


Solutions  Reqxtired. 

Dilute  Hydrochloric  Add  {1  : 1).— Dilute  500  cc.  of  HCl  (sp.  gr. 
.1.19)  with  500  cc.  of  distilled  water. 

DiliOe  Hydrochloric  Acid  (1  :  10).— Dilute  100  cc.  of  HCl  (sp.  gr. 
1.19)  with  1000  cc.  of  distilled  water. 

Ferrous  Sulfate. — ^Dissolve  40  g.  of  ferrous  sulfate  in  100  cc,  of 
water  and  acidify  with  1  cc.  of  H2SO4  (sp.  gr.  1.84). 

Amnumium  Molybdate. — See  the  Determination  of  Phosphorus  in 
Plain  Carbon  Steel  by  the  Molybdate-Magnesia  Method.^ 

DihUe  Nitric  Acid  for  Washing  (Ji  :  100). — See  the  Determination 
of  Phosphorus  in  Plain  Carbon  Steel  by  the  Molybdate-Magnesia 
Method.^ 

Dilute  Ammonium  Hydroxide  {1  :  2). — See  the  Determination  of 
Phosphorus  in  Plain  Carbon  Steel  by  the  Molybdate-Magnesia 
Method.^ 

Magnesia  Mixture. — See  the  Determination  of  Phosphorus  in 
Plain  Carbon  Steel  by  the  Molybdate-Magnesia  Method.^ 

Method. 

Treat  2  g.  of  the  sample,  in  a  porcelain  dish  provided  with  a 
cover  glass,  with  20  cc.  of  HNO«  (sp.  gr.  1.42)  and  60  cc.  of  HCl 
(sp.  gr.  1.19).  Heat  gently  imtil  the  sample  is  completely  decomposed 
and  then  evaporate  to  dr3aiess.  Remove  the  cover  glass  and  bake 
until  the  acid  is  completely  expelled.  Cool,  add  30  cc.  of  HCl  (sp.  gr. 
1.19),  warm  until  the  soluble  salts  are  dissolved  and  then  evaporate  to 
dryness  on  the  sand-bath.  Add  30  cc.  of  dilute  HCl  (l  :  l)  and  boil 
the  solution  until  the  soluble  salts  are  dissolved.     Dilute  to  60  cc. 
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with  boiling  water,  filter  from  the  silica  and  tungstic  acid,  and  wash 
the  residue  with  dilute  HCl  (l  :  10)  until  free  from  iron.  (See  Note.) 
Evaporate  the  filtrate  to  approximately  20  cc,  cool,  and  make  anunoni- 
acal.  Dissolve  the  precipitated  hydroxides  in  the  exact  amoimt  of 
HNOs  (sp.  gr.  1.42)  necessary  to  effect  complete  solution  and  add  5  cc. 
in  excess.  The  further  treatment  depends  on  whether  vanadium  is 
absent  or  present.  If  vanadium  is  absent,  proceed  as  in  the  Determi- 
nation of  Phosphorus  in  Plain  Carbon  Steel  by  the  Molybdate-Magnesia 
Method;^  if  vanadium  is  present,  proceed  as  in  the  Detemunation  of 
Phosphorus  in  Chrome-Vanadium  Steel  by  the  Modified  Molybdate- 
Magnesia  Method.* 

Note. 

The  residue  of  ttmgstic  and  silicic  adds  sometimes  contains  very  small  amounts 
of  phosphorus  and  in  accurate  analyses  it  must  be  treated  as  follows:  Ignite  in  a 
platinum  crucible,  fuse  with  a  little  NaaCOs  (free  from  phosphorus)  and  dissolve 
the  cooled  melt  in  hot  water.  Acidify  the  solution  slightly  with  HCl,  add  a  few 
crystals  of  FeCl«,  and  precipitate  with  NH4OH  in  slight  excess.  Filter,  wash  with 
a  hot  wash-solution  containing  a  little  NH4OH  and  NH4CI,  and  discard  the  filtrate. 
Dissolve  the  precipitate  of  ferric  hydroxide  and  ferric  phosphate  in  a  small  amount 
of  HCl  and  add  to  the  main  filtrate. 

DETERMINATION  OF  PHOSPHORUS 

BY  THE 

ALKALIMETRIC  METHOD. 
(Routine.) 


Solutions  Required. 

Dilute  Nitric  Acid  {l  :  5).— Dilute  250  cc.  of  HNOs  (sp.  gr.  1.42) 
with  750  cc.  of  distilled  water. 

Dilute  Hydrochloric  Acid  {1  :  i).— Dilute  500  cc.  of  HCl  (sp.  gr. 
1.19)  with  500  cc.  of  distilled  water. 

Dilide  Hydrochloric  Acid  {1  :  iO).— Dilute  100  cc.  of  HCl  (sp.  gr. 
1.19)  with  1000  cc.  of  distilled  water. 

Ferrous  Sulfate, — ^Dissolve  40  g.  of  ferrous  sulfate  in  100  cc.  of 
water  and  acidify  with  1  cc.  of  H2SO4  (sp.  gr.  1.84). 

Ammonium  Molybdate. — See  the  Determination  of  Phosphorus  in 
Plain  Carbon  Steel  by  the  Alkalimetric  Method  (Routine).^ 
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DUiite  Nitric  Acid  far  Washing  (Ji  :  100). — See  the  Determination 
of  Phosphorus  in  Plain  Carbon  Steel  by  the  Alkalimetric  Method 
(Routine).* 

Potassium  Nitrate  (l-per-cefU), — ^See  the  Determination  of  Phos- 
phorus in  Plain  Carbon  Steel  by  the  Alkalimetric  Method  (Routine).^ 

Phenolphthalein  Indicator. — ^See  the  Determination  of  Phosphorus 
in  Plain  Carbon  Steel  by  the  Alkalimetric  Method  (Routine).* 

Standard  Sodium  Hydroxide, — ^See  the  Determination  of  Phos- 
phorus in  Plain  Carbon  Steel  by  the  Alkalimetric  Method  (Routine).* 

Standard  Nitric  Acid. — ^See  the  Determination  of  Phosphorus  in 
Plain  Carbon  Steel  by  the  Alkalimetric  Method  (Routine).* 

Method. 
Treat  2  g.  of  the  sample,  in  a  porcelain  dish  provided  with  a  cover 
glass,  with  50  cc.  of  dilute  HNOa  (l  :  3),  add  10  cc.  of  HCl  (sp.  gr. 
1.19)  and  evaporate  to  dryness.  Dissolve  the  soluble  salts  in  30  cc.  of 
dilute  HCl  (l  :  1)  by  boiling,  dilute  to  60  cc.  with  water,  filter  and 
wash  the  residue  with  dilute  HCl  (l  :  10).  Evaporate  the  filtrate  to 
approximately  100  cc,  make  the  solution  ammoniacal,  add  just 
enough  HNOs  (sp.  gr.  1.42)  to  effect  complete  solution  and  then  add 
5  cc.  in  excess.  The  further  treatment  depends  on  whether  vanadium 
is  absent  or  present.  If  vanadium  is  absent,  proceed  as  in  the  Deter- 
mination of  Phosphorus  in  Plain  Carbon  Steel  by  the  Alkalimetric 
Method  (Routine).*  If  vanadium  is  present,  proceed  as  in  the  Deter- 
mination of  Phosphorus  in  Chrome- Vanadium  Steel  by  the  Modified 
Alkalimetric  Method  (Routine).* 

DETERMINATION  OF  SULFUR 

BY  THE 

GRAVIMETRIC  METHOD. 


Solutions  Required. 

Dilute  Hydrochloric  Acid  (1  :  /O).— Dilute  100  cc.  of  HCl  (sp.  gr. 
1.19)  with  1000  cc.  of  distilled  water. 

Dilute  Hydrochloric  Acid  {1  :  J).— Dilute  500  cc.  of  HCl  (sp.  gr. 
1.19)  with  500  cc.  of  distilled  water. 

Cinchonine. — See  the  Determination  of  Tungsten  by  the  Acid 
Digestion-Cinchonine  Method.* 

Cinchonine  Wash  Solution. — See  the  Determination  of  Tungsten 
by  the  Add  Digestion-Cinchonine  Method.* 
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Method. 
Treat  5  g.  of  the  sample,  in  a  600-cc.  beaker  or  Erlenmeyer  flask, 
with  75  cc.  of  HNOs  (sp.  gr.  1.42)  and  heat  gently.  Certain  steels 
react  violently.  In  this  event,  do  not  heat  but  cool  the  vessel  in  cold 
water  in  order  to  prevent  loss  of  incompletely  oxidized  sulfur.  Some 
steels  dissolve  very  slowly.  In  this  case  add  5  cc.  of  HCl  (sp.  gr, 
1.19)  in  successive  portions  as  the  solution  is  digested  on  a  steam- 
bath.  When  the  steel  is  dissolved,  digest  until  the  residue  is  bright 
yellow  with  no  dark  material,  adding  fresh  portions  of  acid  if  necessary. 
Evaporate  the  solution  to  small  volume,  cool,  add  30  cc.  of  HCl 
(sp.  gr.  1.19),  again  evaporate  to  small  volume  and  dilute  with  boiling 
water.  Boil  until  soluble  salts  are  in  solution,  filter  and  wash  the 
precipitate  with  dilute  HCl  (l  :  10),  catching  the  filtrate  and  washings 
in  a  600-cc.  casserole.  Evaporate  the  solution  to  dr3aiess,  add  40  cc. 
of  HCl  (sp.  gr.  1.19)  and  again  evaporate  to  dryness  and  heat  for  ten 
minutes  at  a  temperature  not  to  exceed  130**  C.  Treat  the  residue 
with  60  cc.  of  dilute  HCl  (l  :  l),  warm  until  soluble  salts  are  in  solu- 
tion, dilute  with  50  cc.  of  boiUng  water  and  add  10  cc.  of  cinchonine 
solution.  After  standing  in  a  warm  place  for  several  hours,  preferably 
overnight,  filter,  and  wash  with  cinchonine  wash  solution.  Evaporate 
the  filtrate  and  washings  until  a  slight  film  begins  to  form  upon  the 
surface  of  the  solution  and  proceed  as  in  the  Determination  of  Sulfur 
in  Plain  Carbon  Steel  by  the  Oxidation  Method.*  The  results 
should  be  corrected  by  blajiks  on  reagents  carried  through  all  of  the 
steps  of  the  process,  paying  particular  attention  to  sulfur  derived 
from  the  cinchonine  solution. 

DETERMINATION   OF  SILICON 

BY 

ACID  ATTACK  AND  BAKING  AT   120'  C. 


Solutions  Required. 

Diluie  Hydrochloric  Acid  (1  :  10).— Pour  100  cc.  of  HCl  (sp.  gr. 
1.19)  into  1000  cc.  of  distilled  water. 

Dilute  Hydrochloric  Acid  {1  :  i).— Pour  500  cc.  of  HCl  (sp.  gr. 
1.19)  into  500  cc.  of  distilled  water. 

DUute  Hydrochloric  Acid  (6 :  95).— Pour  50  cc.  of  HCl  (sp.  gr. 
1.19)  into  950  cc.  of  distilled  water. 

Dilute  Sulfuric  Acid  (1 : 1). — Cautiously  pour,  with  constant 
stirring,  500  cc  of  H2SO4  (sp.  gr.  1.84)  into  500  cc.  of  distilled  water. 
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Sodium  Hydroxide  (^  i\r).— Dissolve  80  g.  of  NaOH  in  1000  cc. 
of  distilled  water. 

Method. 

Treat  2  g.  of  the  sample  in  a  covered  beaker  with  50  cc.  of  HCl 
(sp.  gr.  1.19)  heat  to  incipient  boiling  and  then  when  solution  is  com- 
plete add  HNOa  (sp.  gr.  1.42)  at  intervals  and  a  few  drops  at  a  time 
until  the  vigorous  action  which  ensues  ceases.  Digest  until  the 
tungstic  acid  is  bright  yellow.  Add  100  cc.  of  boiling  water,  boil  for 
one  minute,  cool  somewhat  and  filter.  Wash  the  residue  thoroughly 
with  dilute  HCi  (l  :  10)  and  set  the  precipitate  aside.  Evaporate  the 
filtrate  to  dryness  and  bake  for  one  hour  at  a  temperature  of  120®  C. 
Take  up  in  15  cc.  of  HCl  (sp.  gr.  1.19)  and  bake  again.  Take  up  in 
10  cc.  of  dilute  HCl  (l  :  l)  and  50  cc.  of  hot  water.  Filter  and  wash 
with  dilute  HCl  (5  :  95).  Reserve  the  filtrate.  Ignite  the  two 
residues  and  filter  papers  in  an  open  deep-form  platinimi  crucible  at 
a  temperature  high  enough  to  dehydrate  the  silica  and  weigh.  Treat 
the  residue  with  a  few  drops  of  dilute  H2SO4  (l  :  l),  a  few  cubic  centi- 
meters of  hydrofluoric  acid  and  carefully  evaporate  to  dryness.  Ignite 
very  cautiously  (to  avoid  spattering)  at  a  temperature  not  above 
800°  C.  and  weigh.  The  loss  in  weight  is  the  weight  of  silica  which 
multiplied  by  0.4676  gives  the  weight  of  silicon. 

Dissolve  the  ignited  timgstic  oxide  in  a  slight  excess  of  NaOH 
solution  (2  N)f  boil,  and  filter  off  any  residue.  Wash  the  residue 
with  hot  water,  dissolve  it  in  a  few  cubic  centimeters  of  hot  dDute 
HCl  (1:1),  add  the  solution  to  the  reserved  filtrate  and  preserve  the 
combined  solutions  for  the  Determination  of  Cobalt  as  below. 

DETERMINATION   OF   TUNGSTEN 

BY  THE 

ACID  DIGESTION-CINCHONINE   METHOD. 


Solutions  Required. 

Cinchonine. — ^Dissolve  125  g.  of  dnchonine  in  a  mixture  of  500  cc. 
of  HCl  (sp.  gr.  1.19)  and  500  cc.  of  distilled  water. 

Cinchonine  Wash  Solution. — ^Dilute  30  cc.  of  the  above  solution 
to  one  liter. 

Ammonia-Amnumium  Chloride, — Pour  200  cc.  of  NH4OH  (sp.  gr. 
0.90)  into  790  cc.  of  water  and  add  10  cc.  of  HCl  (sp.  gr.  1.19). 

Dilute  Hydrochloric  Acid  (l  :  /).— Pour  500  cc.  of  HCl  (sp.  gr. 
1.19)  into  500  cc.  of  distilled  water. 


Digitized  by 


Google 


Serial  Designation:  A  55-22  T.  625 

Method. 

Treat  2  g.  of  the  sample  in  a  covered  beaker  with  50  cc.  of  HCl 
(sp.  gr.  1,19),  heat  to  incipient  boiling  and  then  when  solution  is  com- 
plete, add  HNOs  (sp.  gr.  1.42)  at  intervals  and  a  few  drops  at  a  time 
until  the  vigorous  action  which  ensues  ceases.  Digest  until  the 
tungstic  acid  is  bright  yellow.  Dilute  to  150  cc,  add  io  cc.  of  dn- 
chonine  solution,  and  cUgest  at  a  temperature  of  about  90  to  95^  C. 
for  thirty  minutes  or  longer,  with  occasional  stirring.  Decant  the 
clear  solution  on  a  paper,  and  wash  the  beaker  and  the  precipitate 
by  decantation  four  times  with  30  to  40-cc.  portions  of  the  hot  cin- 
chonine  wash  solution,  keeping  as  much  of  the  precipitate  as  possible 
in  the  beaker.  Place  the  beaker  and  precipitate  imder  the  fimnel, 
and  dissolve  the  precipitate  on  the  paper  in  the  least  possible  amount 
of  the  ammonia-ammonixmi  chloride  solution.  Wash  the  paper  several 
times  with  hot  water,  once  with  hot  dilute  HCl  (1:1),  several  more 
times  with  hot  water,  and  finally  with  small  portions  of  the  ammonia- 
ammonixmi  chloride  wash.  Reserve  the  paper.  Warm  the  filtrate 
and  add  just  enough  NH4OH  (sp.  gr.  0.90)  to  dissolve  the  tungstic 
acid.  Evaporate  the  solution  imtil  most  of  the  ammonia  has  been 
expelled  and  then  filter  through  the  reserved  paper  into  a  400-cc. 
beaker.  Wash  the  original  beaker  and  the  paper  with  small  portions 
of  hot  water.  Reserve  the  filtrate.  The  residue  may  contain  a  little 
tungsten,  therefore  treat  it  with  successive  small  portions  of  hot 
dilute  HCl  (l  :  l),  hot  water,  and  ammonia-ammonium  chloride  solu- 
tion. Render  this  solution  slightly  alkaline,  boil  to  expel  most  of  the 
ammonia,  filter  through  the  original  paper  and  wash  with  a  little  hot 
water.  Combine  the  anmioniacal  filtrates.  (The  above  treatments 
serve  to  remove  any  tantalum  or  columbium  as  well  as  iron  and  chro- 
miimi  and  render  unnecessary  any  purification  of  the  final  hydro- 
fluoric acid-treated  tungstic  oxide.)  Dilute  the  faintly  ammoniacal 
filtrates  to  200  cc,  add  10  cc  of  HQl  (sp.  gr.  1.19)  and  boil  for  ten 
minutes.  Add  10  cc.  of  cinchonine  solution  and  digest  in  a  warm 
place  for  15  to  30  minutes  with  occasional  stirring.  Add  a  little  paper 
pulp,  filter,  and  wash  the  precipitate  with  hot  cinchonine  wash  solu- 
tion. Add  5  cc  of  cinchonine  to  the  filtrate  and  washings,  set  aside 
in  a  warm  place  for  several  hours,  and  in  case  any  tungstic  add  settles 
out,  filter  it  off,  wash  and  add  to  the  main  predpitate.  Ignite  the 
tungstic  add  under  oxidizing  conditions  in  a  deep-form  platinum 
crudble  until  the  carbon  is  destroyed  and  finally  at  800  to  900®  C. 
Cool  the  crudble  and  contents,  moisten  the  oxide  with  hydrofluoric 
add,  carefully  evaporate  to  dryness  and  then  cautiously  (to  avoid 
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spattering)  ignite  as  before  and  weigh  as  WOs.     Multiply  by  0.7931 
to  obtain  the  weight  of  tungsten. 

Notes. 

» 

1.  Tungstic  acid  is  incompletely  precipitated  by  acid  digestion  alone  of  solu- 
tions containing  appredable  amounts  of  alkali  or  ammonium  salts,  phosphorus,  or 
molybdenum,  and  only  slowly  by  cinchonine  in  such  solutions. 

2.  Tungstic  add  carries  down  phosphonis  pentoxide  if  it  is  present  in  appreciable 
amount.  The  small  amount  present  in  the  solution  of  the  steel  is  not  carried  down 
in  sufficient  amount  to  affect  the  determination  of  tungsten. 

3.  Molybdenum  is  carried  down  by  tungstic  acid  and  must  be  recovered  from 
/the  final  weighed  oxide  as  specified  under  the  Determination  of  Molybdenum  in 

Molybdenum  Steel  by  Precipitation  as  Sulfide  and  weighing  as  Lead  Molybdate 
{(b)  Presence  of  Tungsten)^  and  deducted  as  MoOi. 

DETERMINATION   OF  TUNGSTEN   AND  SILICON 

BY 

DIGESTION  WITH  ACIDS. 
(Routine.) 


Method. 


(a)  Determination  of  Silicon. 

Proceed  exactly  as  in  the  Determination  of  Silicon  above  until 
the  ignition  of  the  tungstic  and  silicic  adds.  Then  ignite  in  a  weighed 
deep-form  platinxmi  crucible  at  a  temperature  of  from  800  to  900®  C. 
and  imder  oxidizing  conditions.  Weigh,  treat  the  residue  with  a  few 
drops  of  dilute  HsSO^  (l  :  l),  and  a  few  cubic  centimeters  of  hydro- 
fluoric add,  and  carefully  evaporate  to  dryness.  Ignite  very  cau- 
tiously (to  avoid  spattering)  at  a  temperature  not  above  800  to  900®  C. 
and  again  wdgh.  The  loss  of  weight  represents  silica  which  multiplied 
by  0.4676  gives  silicon. 

(b)  Determination  of  Tungsten. 

The  weight  of  the  residue  left  after  the  above  treatment  repre- 
sents impure  tungstic  oxide.  To  correct  for  the  impurities,  cover  the 
residue  with  about  twice  its  weight  of  pure  dry  sodium  carbonate  and 
heat  until  thoroughly  fused.  Extract  the  cooled  melt  with  hot  water, 
filter,  and  wash  the  residue  thoroughly  with  hot  water.  Ignite  the 
residue  in  the  original  crudble,  weigh,  subtract  the  weight  from  the 
weight  of  the  crudble  and  impure  tungstic  oxide,  and  multiply  the 
corrected  wdght  of  WOs  by  0.793  to  obtain  tungsten. 
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DETERMINATION  OF  CHROMIUM 

BY  THB 

PERSULFATE  OXIDATION  METHOD. 

See  the  Determination  of  Chromium  in  Chrome-Nickel  Steel  by 
the  Persulfate  Oxidation  Method.* 

DETERMINATION  OF  VANADIUM 

BY  THB 

ELECTROLYTIC  SEPARATION  METHOD, 


Solutions  Required. 

Dilute  Sulfuric  Acid  {1 : 1).— Pour  500  cc.  of  H1SO4  (sp.  gr.  1.84) 
slowly  and  with  constant  stirring,  into  500  cc.  of  distilled  water. 

Dilute  Sulfuric  Acid  (/  :  5).— Pour  200  cc.  of  H1SO4  (sp.  gr.  1.84) 
slowly  and  with  constant  stirring,  into  600  cc.  of  distilled  water. 

Sodium  Carbonate  (S-per-cent)  — Dissolve  80  g.  of  Na«COs  in 
1000  cc.  of  distilled  water. 

Potassium  Ferrocyanide. — See  the  Determination  of  Vanadium  in 
Chrome-Vanadium  Steel  by  the  Electrolytic  Separation  Method.* 

Standard  Potassium  PermangatuUe. — See  the  Determination  of 
Vanadium  in  Chrome-Vanadixmx  Steel  by  the  Electrolytic  Separation 
Method,* 

Method. 

Dissolve  2  g.  of  the  sample,  contained  in  a  200-cc  covered  Erien- 
meyer  flask,  in  20  cc  of  dilute  H^SO^  (l  :  l).  When  action  is  complete^ 
dilute  to  100  cc.  with  boiling  water,  heat  to  boiling,  and  add  sodium 
carbonate  solution  (8-per-cent)  from  a  burette  imtil  a  permanent  pre- 
cipitate appears  and  then  4  cc  in  excess.  Let  settle,  filter  on  a  rapid 
filter,  and  quickly  wash  the  flask  and  precipitate  with  hot  water.  (If 
the  precipitation  has  been  properly  preformed  there  will  be  no  more 
precipitate  than  can  be  conveniently  handled  on  a  9-cm.  paper.  The 
filtrate  will  become  cloudy  in  the  funnel  stem  and  in  the  receiving 
vessel  owing  to  oxidation  and  hydrolysb.)  Place  the  paper  and  pre- 
cipitate in  the  original  flask,  add  20  cc  of  HNOs  (sp.  gr.  1.42),  shake 
until  the  paper  is  broken  up,  and  then  add  5  cc.  of  H1SO4  (sp.  gr.  1.84). 
Heat  over  a  free  flame  until  fumes  of  sulfuric  add  are  given  off,  cool, 
and  then  add  more  HNOs  and  repeat  the  heating  in  case  the  organic 
matter  has  not  been  destroyed.     Finally  cool,  wash  down  the  sides 

i^fp.  609. 
*Seeb.615. 
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of  the  flask,  and  evaporate  again  until  fumes  of  H2SO4  appear  and  until 
all  of  the  nitric  acid  has  been  expelled.  Cool,  dilute  with  three  times 
as  much  water  as  there  is  sulfuric  add  present,  warm  to  dissolve  the 
soluble  salts  and  filter  off  the  tungstic  add  on  a  small  filter.  Wash 
the  paper  and  predpitate  with  small  portions  of  dilute  H2SO4  (l  :  3). 
Nearly  neutralize  the  filtrate  with  NH4OH  (sp.  gr.  0.90),  evaj)orate  if 
necessary  to  a  volume  of  approximately  70  cc.  and  proceed  with  the 
electrolysis  of  the  weakly  add  solution  and  the  determination  of 
vanadium  as  in  the  Determination  of  Vanadium  in  Chrome- Vanadium 
Steel  by  the  Electrolytic  Separation  Method.^ 

DETERMINATION  OP  VANADIUM 

BY 

REDUCTION  WITH  FERROUS  SULFATE  AND  TITRATION  WITH 

PERMANGANATE. 

(Routine.) 


Solutions  Required. 

Dilute  Sulfuric  Acid  (1  :  i).— Pour  500  cc.  of  H2SO4  (sp.  gr.  1.84) 
slowly  and  with  constant  stirring  into  500  cc.  of  distilled  water. 

Dilute  Nitric  Acid  (sp.  gr.  l.W).—Ubi  380  cc.  of  HNOs  (sp.  gr. 
1.42)  and  620  cc.  of  distilled  water. 

Dilute  Hydrochloric  Acid  {1  :  /).— Mix  500  cc.  of  HCl  (sp.  gr. 
1.19)  and  500  cc.  distilled  water. 

Dilute  Hydrochloric  Add  {1  :  10).— Mix  100  cc.  of  HCl  (sp.  gr. 
1.19)  and  1000  cc.  of  distilled  water. 

Ammonium  Per  sulfate  (IS-per-cent). — See  the  Determination  of 
Vanadium  in  Chrome- Vanadium  Steel  by  Reduction  with  Ferrous 
Sulfate  and  Titration  with  Permanganate  Method  (Routine).* 

Ferrous  Sulfate. — See  the  Determination  of  Vanadium  in  Chrome- 
Vanadium  Steel  by  Reduction  with  Ferrous  Sulfate  and  Titration 
with  Permanganate  Method  (Routine).* 

Standard  Potassium  Permanganate. — See  the  Determination  of 
Vanadiimi  in  Chrome-Vanadium  Steel  by  Reduction  with  Ferrous 
Sulfate  and  Titration  with  Permanganate  Method  (Routine).* 

Method. 

Dissolve  2  g.  of  the  steel  in  20  cc.  of  dilute  HaS04  (l  :  1)  and  60  cc 
of  water.    When  action  ceases,  add  10  cc.  of  dilute  HNO|  (sp,  gr,  1.20) 

iSMp.615. 
s  8m  p.  617. 
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and  2  cc.  of  dilute  HCl  (l  :  l).  Boil  the  solution  for  ten  minutes, 
dilute  to  50  cc,  filter,  ai\d  wash  with  a  small  amount  of  dilute  HCl 
(1  :  10).  To  the  filtrate  add  5  cc.  of  HjPO^  (85-per-cent),  and  then 
permanganate  solution  to  the  appearance  of  a  permanent  pink  color. 
Proceed  with  the  reduction  with  ferrous  sulfate,  addition  of  persulfate 
and  titration  with  permanganate  as  in  the  Determination  of  Vanadixmi 
in  Chrome-Vanadixmx  Steel  by  Reduction  with  Ferrous  Sulfate  and 
Titration  with  Permanganate  Method  (Routine).* 

DETERMINATION  OF  NICKEL 

BY  THB 

GRAVIMETRIC  DIMETHYLGLYOXIME  METHOD. 


Solutions  Reqxtised. 

Dilute  Hydrochloric  Add  (1 :  10).— Mix  100  cc.  of  HCl  (sp.  gr. 
1.19)  and  1000  cc.  of  distilled  water. 

Sodium  Hydroxide  («  iV).— Dissolve  80  g.  of  NaOH  in  1000  cc. 
of  distilled  water. 

Dilute  Hydrochloric  Acid  {1  :  i).— Mix  500  cc!  of  HCl  (sp.  gr. 
1.19)  and  500  cc.  of  distilled  water, 

Dimeihylglyoxime  (l-per-cetU). — See  the  Determination  of  Nickel 
in  Nickel  Steel  by  the  Gravimetric  Dimethylglyoxime  Method.* 

Method. 

Treat  2  g.  of  the  sample  in  a  covered  beaker  with  50  cc.  of  HCl 
(sp.  gr.  1.19),  heat  to  incipient  boiling  and  then  when  solution  is  com- 
plete add  HNOs  (sp.  gr.  1.42)  at  intervals  and  a  few  drops  at  a  time 
imtil  the  vigorous  action  which  ensues  ceases.  Digest  until  the  tung- 
Stic  acid  is  bright  yellow.  Add  100  cc.  of  boiling  water,  boil  for  one 
minute,  cool  somewhat  and  filter.  Wash  the  residue  thoroughly 
with  dilute  HCl  (l  :  lO)  and  reserve  the  filtrate.  Dissolve  the  tungstic 
acid  in  a  slight  excess  of  sodixmi  hydroxide  solution  (2  N),  boil  and 
filter  off  any  residue.  Wash  the  residue  with  hot  water,  discard  the 
filtrate  and  dissolve  the  residue  in  a  few  cubic  centimeters  of  hot 
dilute  HCl  (l  :  l),  add  the  solution  to  the  main  reserved  filtrate  and 
proceed  with  the  determination  of  nickel  as  in  the  Determination  of 
Nickel  in  Nickel  Steel  by  the  Gravimetric  Dimethylglyoxime  Method.' 

>  See  p.  617. 
«  8m  p.  601. 
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Notes. 

It  Ts  difficult  to  precipitate  nickel  and  to  obtain  it  free  from  cobalt  when  cx>balt 
is  preponderant.  Complete  precipitation  may  be  obtained  by  adding  sufficient 
dimethylglyoxime  to  react  with  both  cobalt  and  nickel  and  digesting  for  a  longer 
period,  or,  by  oxidizing  the  cobalt  to  the  trivalent  condition  by  means  of  NaQQi 
or  (NHOsSiOi  in  ammoniacal  solution  before  precipitating  with  dimethylglyozime. 
In  either  case,  the  first  precipitate  should  be  filtered  off,  dissolved,  and  repredpitated. 

Direct  weighing  of  nickel  dimethylglyoxime  is  desirable  when  small  amounts 
of  nickel  are  conoemed.  Large  precipitates  are  more  conveniently  ignited  at  red  heat 
to  NiO.  In  this  case,  care  must  be  taken  to  prevent  sublimation  of  the  undeoom- 
posed  salt.  This  may  be  accomplished  by  enclosing  the  wet  paper  and  precipitate 
in  one  or  two  wet  ashless  papers  and  slowly  igniting  so  that  the  papers  char  before 
taking  fire.  In  this  way  the  compound  is  decomposed  and  ignition  may  proceed  at 
full  red  heat. 

DETERMINATION  OF  NICKEL 

BT  THE 

CYANIDE  TITRATION  METHOD,. 
(Routine.) 


Solutions  Required. 

Dilute  Sydrochhric  Acid  (i  ;  JO).— Mix  100  cc.  of  HCl  (sp.  gr. 
1.19)  and  1000  cc.  of  distilled  water. 

Method. 
Treat  2  g.  of  the  sample  in  a  covered  beaker  with  50  cc  of  HCl 
(sp.  gr.  1.19),  heat  to  incipient  boiling  and  th^en  when  solution  is  com- 
plete add  HNOs  (sp.  gr.  1.42)  at  intervals  and  a  few  drops  at  a  time 
until  the  vigorous  action  which  ensues  ceases.  Digest  until  the  tung- 
stic  add  is  bright  yellow.  Add  100  cc  of  boiling  water,  boil  for  one 
minute,  cool  somewhat  and  filter.  Wash  the  residue  thoroughly  with 
dilute  HCl  (l  :  10)  and  determine  nickel  in  the  filtrate  as  in  the  Deter- 
mination of  Nickel  in  Nickel  Steel  by  the  Cyanide  Titration  Method.' 

Note. 

In  case  cobalt  is  present,  the  preliminary  separation  (a)  as  given  in  the  cyanide 
titration  method  must  be  employed. 

DETERMINATION  OF  COBALT. 

Solutions  Required. 

Sodium  Carbonate  {lO-per-cent).— Dissolve  100  g.  of  NatCOs  in 
1000  cc.  of  distilled  water. 


>Seep.603. 
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Ammanium  Acetate  (B-per-cent). — ^Dissolve  50  g,  of  NH4CtH«0s  in 
1000  cc.  of  distilled  water. 

Dilute  HCl  {1 :  i).— Mix  500  cc.  of  HCl  (sp.  gr.  1.19)  and  500  cc. 
of  distilled  water. 

Acidulated  Hydrogen  Sulfide  Water.— Mix  20  cc.  of  H1SO4  (sp.  gr. 
1.84)  and  1000  cc.  of  distilled  water,  cool,  and  saturate  with  H»S. 

Nitroso  Beta  Naphthol  (T-per-cent). — ^Prepare  as  needed  by  dis- 
solving in  the  proportion  of  7  g.  of  the  compound  to  100  cc.  of  glacial 
acetic  add. 

Method. 

See  the  Determination  of  Silicon  by  the  Add  Attack  and  Baking 
at  120""  C.  Method.* 

Employ  the  Hdl  solution  reserved  in  this  determinaticm  or  pre- 
pare a  similar  solution  by  treatment  of  a  new  1-g.  sample  in  the  same 
fashion,  with  the  difference,  however,  that  the  wet  tungstic  add  is  not 
ignited  but  treated  directly  with  NaOH  solution  (2  N)  for  the  recovery 
of  its  cobalt  content. 

Evaporate  the  HCl  solution  to  a  volimie  of  approximately  100  cc. 
and  neutralize  the  acid  solution  by  adding  solid  Na«COs  imtil  the  add 
is  nearly  destroyed  and  then  continuing  with  care  by  adding  sodium 
carbonate  solution  (lO-per-cent),  drop  by  drop  with  vigorous  stirring, 
imtil  the  solution  has  become  amber  colored  and  the  predpitate  dis- 
solves with  difficulty.  Pour  the  feebly  add  solution  slowly  and  with 
constant  stirring  into  200  cc.  of  boiling  ammonium  acetate  solution 
(5-per-cent).  Boil  for  two  to  three  minutes,  allow  to  settle,  filter 
without  washing  on  a  large  rapid  filter  and  reserve  the  filtrate  which 
must  be  absolutely  clear.  Dissolve  the  predpitate  in  as  little  hot 
dilute  HCl  (1  :  l)  as  possible,  catching  the  soluticm  in  the  unwashed 
beaker  and  repredpitate  as  before,  taking  the  same  precautions  as  to 
preliminary  neutralization  and  the  volxmies  employed.  Again  filter 
without  washing,  discard  the  precipitate  and  combine  the  filtrate  with 
that  already  reserved.  The  combined  filtrates  should  now  be  free 
from  iron,  chromium  and  vanadium  but  may  contain  such  elements  as 
molybdenum,  copper  and  small  amounts  of  tungsten  in  addition  to 
cobalt,  nickel  and  manganese.  To  eliminate  molybdenum  and  tung- 
sten and  to  concentrate  the  others,  neutralize  the  combined  solutions 
with  NH4OH  (sp.  gr.  0.90)  add  30  cc.  in  excess,  and  saturate  the 
solution  with  a  rapid  current  of  HjS.  Allow  the  predpitate  to.  settle, 
filter  without  washing,  discard  the  clear  filtrate,  and  transfer  the  paper 
and  predpitate  to  a  250-cc.  Erlenmeyor  flask.     Dissolve  any  predpi- 

1  See  p.  623. 
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tate  adhering  to  the  precipitation  beaker  in  20  cc  of  HNQi  (sp.  gr. 
1.42)  and  a  little  HCl  (sp.  gr.  1.19),  pour  the  solution  on  Uie  paper 
and  precipitate  and  shake  until  the  paper  has  disintegrated.  Add 
5  cc.  of  HsSO^  (sp.  gr.  1.84)  and  heat  over  a  free  flame  until  fumes  of 
H1SO4  are  evolved.  In  case  the  organic  matter  has  not  been  destroyed 
add  a  little  more  HNOt  and  repeat  the  HNOt  treatment  and  the 
evaporation  imtil  fxunes  of  HsSOi  appear.  Cool,  dilute  to  100  cc,  add 
2  cc.  of  NH4OH  (sp.  gr.  0.90)  and  saturate  the  add  solution  with  a 
ri^id  current  of  HaS.  Filter,  wash  with  acidulated  HaS  water  and 
discard  the  precipitate.  Boil  the  filtrate  imtil  HtS  has  been  expelled, 
and  the  solution  f educed  to  a  volume  of  100  cc.  and  then  proceed  as 
in  (a)  or  (b)  below. 

(a)  Determination  of  Cobalt  by  the  Electrolytic  Method. 

Add  5  cc.  of  HsS04  (sp.  gr.  1.84);  neutralize  with  NH4OH  (sp.  gr. 
0.90),  add  35  cc.  in  excess  and  then  2  g.  of  NaHSO«.  Electrolyse  in  a 
volume  of  150  cc.  for  6  hours  or  overnight,  using  gauze  electrodes  and 
a  current  density  of  0.2  to  0.3  ampere  per  dm^  Wash  the  cathode 
with  cold  water,  dry  at  100®  C,  and  wdgh  the  deposit  The  elec- 
trolyte usually  contains  from  0.1  to  1  mg.  of  nickel  and  cobalt  (mainly 
cobalt)  and  should  be  tested  as  follows:  Boil  the  electrolyte  with  an 
excess  of  ammonium  persulfate,  keeping  the  solution  strongly  ammo- 
niacal,  to  precipitate  manganese.  Filter,  wash,  and  discard  the  pre- 
cipitate and  saturate  the  clear  ammoniacal  filtrate  with  HtS.  Digest 
at  the  side  of  the  steam-bath  for  1  hour,  filter  if  a  precipitate  has 
appeared,  and  wash  with  water  containing  a  little  NH4CI  and  (NH4)iS. 
Ignite,  weigh  the  combined  oxides  of  nickel  and  cobalt,  multiply  by 
the  empirical  factor  0.75  and  add  to  the  cathode  weight.  The  weight 
of  cobalt  must  then  be  found  by  deducting  nickel  as  determined  on  a 
separate  portion  of  the  steel  or  by  analysis  of  the  deposit  and  the  smaD 
recovery  from  the  electroljrte.  In  either  case,  attention  must  be  paid 
to  the  difficulty  in  precipitating  small  amoimts  of  nickel  as  pure  nickel 
dimethylglyoxime  in  the  presence  of  large  amounts  of  cobalt,  as 
described  imder  the  Determination  of  Nickel  in  Nickel  Steel  by  the 
Gravimetric  Dimethylglyoxime  Method.* 

Note. 

Ttmgsten,  molybdentim  and  vanadium  must  be  completely  removed  in  order 
to  obtain  a  satisfactory  deposition  of  nickel  and  cobalt. 

(4)  Determination  of  Cobalt  by  the  Nitroso-Beta-Naphthol  Method, 

Transfer  the  solution  to  a  600-cc.  beaker,  add  NH4OH  (sp.  gr. 

0.90)  imtil  the  solution  is  slightly  ammoniacal  and  then  HCl  (sp.  gr. 

>8eei».601. 
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1.19)  until  in  5  cc  excess.  Dilute  to  350  cc,  heat  to  boiling,  and  for 
each  centigram  of  cobalt  expected  add,  with  constant  stirring,  6  cc.  oi 
nitroso-beta-naphthol  solution  (7-per-cent).  Set  aside  until  the  pre- 
cipitate has  settled,  filter  on  paper,  and  wash  the  precipitate  twice, 
alternately  with  dilute  HCl  (l  :  l)  and  water,  and  finally  with  hot 
water.  Transfer  to  a  porcelain  crucible,  heat  gently  until  the  carbo- 
naceous matter  has  been  destroyed,  and  then  at  a  high  temperature 
for  20  minutes.    Cool  in  a  desiccator  and  weigh  as  C01O4. 

Notes. 

The  ignited  oxide  does  not  have  the  exact  f ormvda  CoiO«  and  therefore  in  case 
the  weight  is  appreciable  it  is  safer  to  change  the  oxide  to  metallic  cobalt  by  repeated 
ignition  in  hydrogen  in  a  Rose-form  crucible  until  the  weight  is  constant. 

The  precipitate  is  apt  to  be  contaminated  by  nickel  in  case  nickel  is  preponderant 
in  the  original  solution. 

DETERMINATION  OP  COBALT 

BT 

CYANIDE  TITRATION. 
(Routine.) 


Solutions  Required. 

Sulfuric-CUric  Acid. — ^Dissolve  200  g.  of  dtric  add  in  a  cooled 
mixture  of  100  cc.  of  H«S04  (sp.  gr.  1.84)  and  900  cc.  of  distilled  water. 

DHuie  Nitric  Acid  {1 : 5).— Mix  200  cc.  of  HNOi  (sp.  gr.  1.42) 
and  600  cc.  of  distilled  water. 

Potassium  Iodide  (lO-per-cent). — See  the  Determination  of  Nickel 
in  Nickel  Steel  by  the  Cyanide  Titration  Method.* 

Standard  SUver  Nitrate. — ^See  the  Determination  of  Nickel  in 
Nickel  Steel  by  the  Cyanide  Titration  Method.* 

Standard  Potassium  Cyanide. — See  the  Determination  of  Nickel 
in  Nickd  Steel  by  the  Cyanide  Titration  Method.* 

Method. 

See  the  Determination  of  Silicon  by  the  Add  Attack  and  Baking 
at  120*"  C.  Method* 

To  the  reserved  HCl  solution  or  one  prepared  in  the  same  way 
from  a  new  portion  of  steel,  add  50  cc.  of  the  sulfuric-dtric  add  solu- 
tion and  then  NH4OH  (sp.  gr.  0.90)  until  in  10  to  15  cc  excess.  Bring 
the  solution  to  boiling  ,  add  1  g.  of  NaClOs,  and  boil  for  5  minutes. 
Cool,  dilute  to  200  cc,  add  dilute  HNOs  (l  :  3),  carefully,  imtil  the 
solution  is  just  neutral  and  then  add  5  cc  of  NH4OH  (sp.  gr.  0.90). 

>  See  p.  603. 
>Seep.623. 
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Again  cool  if  necessary,  add  2  cc.  of  potassium  iodide  solution  (lO-per- 
cent)  and  titrate  as  in  the  Determination  of  Nickel  in  Nickel  Steel 
by  the  Cyanide  Titration  Method.*  The  volume  of  standard  cyanide 
solution  which  is  actually  consumed  represents  the  sum  of  nickel  and 
cobalt  The  volume  of  standard  cyanide  solution  consumed  by  the 
nickel  may  be  found  and  deducted  by  a  determination  of  nickel  as  in 
the  Determination  of  Nickel  in  Tungsten  Steel  by  the  Cyanide 
Titration  Method  (Routine)  with  preliminary  separation  (a)*  or  by 
calculation  based  on  a  determination  of  nickel  as  in  the  Determination 
of  Nickel  in  Tungsten  Steel  by  the  Gravimetric  Dimethylglyoxime 
Method.*  In  either  case,  the  volume  of  standard  cyanide  solution 
consumed  by  cobalt  represents  that  required  to  convert  cobalt  to  the 
compound  K2Co(CN)6  and  the  cobalt  titre  of  the  cyanide  solution  is 
best  found  by  titration  of  material  of  known  cobalt  content  under  the 
conditions  that  obtain  in  the  method. 

DETERMINATION  OF  COPPER. 

« 

In  steels  containing  little  tungsten,  proceed  as  in  the  Determina- 
tion of  Copper  in  Plain  Carbon  Steel.* 

In  steels  containing  considerable  tungsten,  proceed  as  in  the 
Determination  of  Copper  in  Plain  Carbon  Steel*  with  the  single  excep- 
tion that  the  first  sulfide  precipitate  and  paper  is  digested  with  HNOi 
and  H2SO4  to  complete  destruction  of  organic  matter  instead  of 
igniting  the  paper  and  residue.  The  HjSOi  solution  is  then  cooled, 
diluted,  boiled  with  an  excess  of  NaOH  solution  (2  N)  and  treated  as 
in  the  ordinary  procedure. 

MOLYBDENUM  STEEL. 

DETERMINATION  OF  CARBON. 
See  the  Determination  of  Carbon  in  Plain  Carbon  Steel  by  the 
Direct-Combustion  Method.* 

DETERMINATION   OF  MANGANESE, 
(a)  Determination  of  Manganese   (Absence  of   Chromiimi   and 

Cobalt). 
See  the  Determination  of  Manganese  in  Plain  Carbon  Steel  by 
the  Bismuthate  Method.* 

(ft)  Determination  of  Manganese  (Presence  of  Chromium  and 
Absence  of  Cobalt). 


•  See  p.  603. 

*  See  p.  630. 
•See  p.  629. 

« TenUtive  Methods  of  Chemical  Analysis  of  Plain  Carbon  Sted  (Serial  Designation:   A  23  - 
22  T).  p.  578. 
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See  the  Determination  of  Manganese  in  Chrome-Nickel  Steel  by 
the  Hydroljrsis-Bismuthate  Method.^ 

{c)  Determination  of  Manganese  (Routine  and  in  Presence  of 

Cobalt). 
See  the  Determination  of  Manganese  in  Plain  Carbon  Steel  by 
the  Persulfate  Method.* 

DETERMINATION  OF  PHOSPHORUS. 

(a)  Determination  of  Phosphorus  (Absence  of  Vanadium). 
See  the  Determination  of  Phosphorus  in  Plain  Carbon  Steel  by 
the  Molybdate-Magnesia  Method.* 

(ft)  DeternUnaiion  of  Phosphorus  (Presence  of  Vanadium). 
See  the  Determination  of  Phosphorus  in  Chrome-Vanadium  Steel 
by  the  Modified  Molybdate-Magnesia  Method.* 

(c)  Determination  of  Phosphorus  (Routine  and  in  Presence  of 

Vanadium). 
See  the  Determination  of  Phosphorus  in  Chrome-Vanadium  Steel 
by  the  Modified  Alkalimetric  Method  (Routine).* 

(d)  Determinationof Phosphorus (RoxitmeinAhsenceoi  Vanadium). 
See  the  Determination  of  Phosphorus  in  Plain  Carbon  Steel  by 

the  Alkalimetric  Method.* 

DETERMINATION   OP  SULFUR. 

See  the  Determination  of  Sulfur  in  Plain  Carbon  Steel  by  the 
Oxidation  Method.* 

See  the  Determination  of  Sulfur  in  Plain  Carbon  Steel  by  the 
Evolution-Titration  Method  (Routine).* 

Notes. 

The  ordinary  evolution  method  yields  low  values  with  molybdenum  steel. 
Good  results  are  obtained  on  annealed  samples  with  HCl  (sp.  gr.  1. 19). 

DETERMINATION   OF  SILICON. 

See  the  Determination  of  Silicoh  in  Plain  Carbon  Steel  by  the 
Nitro-Sulfuric  Method.* 

See  the  Determination  of  Silicon  in  Plain  Carbon  Steel  by  the 
Sulfuric  Acid  Method  (Optional).* 

*Seep.606. 

•  TtaUttve  Methods  of  Chemical  Analysis  of  Plain  Caifaon  Steel  (Serial>  Designation:   A  33- 
22  T).  9.  578. 
•See  p.  611. 
•See  p.  613. 
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DETERMINATION  OP  MOLYBDENUM 

BY 

precipitation  as  sulfide  and    WEIGHING  AS  LEAD 
MOLYBDATE. 


Solutions  Reqxhred. 

DUuie  Sulfuric  Acid  (1 :  i).— Pour  500  cc.  of  H1SO4  (sp.  gr.  1.84) 
slowly  and  with  stirring  into  500  cc.  of  distilled  water. 

Dilute  Hydrochloric  Acid  {1 :  i).— Pour  500  cc.  of  HCl  (sp.  gr. 
1.19)  into  500  cc.  of  distilled  water. 

DihOe  Hydrochloric  Acid  {1 :  S).— Pour  100  cc.  of  HCl  (sp.  gr. 
1.19)  into  900  cc.  of  distilled  water. 

Bromine  Water. — A  saturated  solution. 

Ammonium  Per  sulfate  (lO-per-cent). — ^Prepare  as  needed  by  dis- 
solving 1  g.  of  the  persulfate  in  10  cc.  of  distilled  water. 

Acidulated  Hydrogen  Sulfide  Water. — ^Pour  10  cc.  of  sulfuric  acid 
(sp.  gr.  1.84)  into  1000  cc  of  distilled  water.  Add  10  g.  of  tartaric 
add  and  saturate  the  solution  with  HsS. 

Sodium  Hydroxide  {2  iV).— Dissolve  80  g.  of  NaOH  in  1000  cc.  of 
distilled  water. 

Ammonium  Acetate  (SO-per-cent). — Dissolve  100  g.  of  ammonium 
acetate  in  100  cc.  of  distilled  water. 

Lead  Acetate  {l-per-ceni). — ^Dissolve  10  g.  of  lead  acetate  in  a 
mixture  of  990  cc.  of  distilled  water  and  10  cc.  of  acetic  add.  Filter 
if  necessary. 

Ammonium  Nitrate  (g.S-per-cent). — ^Dissolve  25  g.  of  NEUNQs  in 
1000  cc  of  distilled  water,  filter  if  necessary,  and  make  sure  that  the 
solution  is  neutraL 

Method. 

(a)  Determination  of  Molybdenum  (Absence  of  Timgsten). 

In  an  800-cc  beaker,  dissolve  a  suffident  ainoimt  of  the  sample 
to  yield  approximately  0.03  g.  of  molybdemmi  in  a  mixture  of  100  cc. 
of  water  and  50  cc  of  HsSOi  (l  :  l).  When  effervescence  ceases,  add 
10  cc  of  ammoniimi  persulfate  solution  (lO-per-cent),  boil  to  oxidize 
molybdemmi  and  part  of  the  iron  and  cool  somewhat.  (Note  1.) 
Add  5  g.  of  tartaric  add  (Note  2)  nearly  neutralize  with  NH4OH  (sp. 
gr.  0.90)  heat  nearly  to  boiling  and  pass  in  HiS  rapidly  for  ten  minutes 
or  until  the  iron  has  been  reduced  and  the  molybdenum  predpitated. 
Allow  the  solution  to  stand  on  the  steam-bath  at  50  to  60^  C.  for  three 
hours,  filter  and  wash  the  sulfur  and  sulfides  with  addulated  hydrogen 
sulfide  water.  Treat  the  sulfides  as  below.  Boil  the  filtrate  to  eq>el 
hydrogen  sulfide,  and  until  the  volimie  is  reduced  to  from  400  to  500  cc. 
Add  10  cc.  of  ammonium  persulfate  solution  (lO-per-cent),  boil,  and 
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again  precipitate  with  HjS  as  above  in  order  to  recover  any  molybde- 
num which  escaped  the  first  precipitation.  Wash  the  main  precipitate 
and  the  recovered  precipitate  from  the  papers  into  a  400-cc.  beaker 
and  dissolve  the  part  remaining  on  the  papers  in  20  cc.  of  hot  dilute 
HCl  (1:1)  and  bromine  water,  the  solution  being  received  in  the 
400-cc.  beaker.  Finally  wash  the  papers  with  a  little  water  and  ignite 
them  with  the  paper  reserved  below.  Dilute  the  solution  to  100  cc, 
add  20  cc.  of  HCl  (sp.  gr.  1.19)  and  3  g.  of  sodium  chlorate  and  boil 
until  the  molybdenum  sulfide  is  dissolved.  Filter,  wash  the  paper  and 
residue  with  water,  and  reserve  the  filtrate.  Ignite  the  papers  and 
residues  at  a  very  low  temperature  in  a  deep-form  crudble  (to  avoid 
volatilization  loss  of  any  MoOs),  treat  any  resdue  with  warm  NaOH 
solution  (2  N)  and  pour  the  solution  into  the  main  filtrate.  Nearly 
neutralize  the  combined  solutions  with  sodium  hydroxide  solution  (2  N) 
and  pour  the  clear  yeUau'  solution  slowly  and  with  stirring  into  100  cc. 
of  boiling  sodium  hydroxide  solution  (2  N)  contained  in  a  400-cc. 
beaker.  After  the  precipitate  has  settled,  filter  and  wash  thoroughly 
with  hot  water.  Reserve  the  filtrate  and  dissolve  the  precipitate  in 
hot  dilute  HCl  (l  :  l)  and  re-precipitate  with  sodium  hydroxide  solution 
(2  N)  as  above  (Note  3).  Neutralize  the  combined  filtrates  with  HCl 
(sp.  gr.  1.19)  add  5  cc.  in  excess  and  evaporate  the  solution  to  250  cc. 
To  the  clear  solution  add  50  cc.  of  ammonium  acetate  solution  (50- 
per-cent),  heat  to  boiling  and  slowly  add  lead  acetate  solution  (l -per- 
cent) from  a  burette  dropwise  and  with  continual  stirring,  until  in 
slight  excess.  This  is  usually  shown  by  a  clearing  of  the  solution. 
At  this  point  discontinue  the  addition  of  the  acetate,  boil  the  solution 
for  two  or  three  minutes  while  stirring,  allow  the  precipitate  to  settle 
somewhat,  and  test  the  supernatant  liquid  with  a  few  drops  more  of 
the  acetate.  When  precipitation  is  complete,  boil  for  ten  minutes, 
allow  to  settle  and  filter  the  supernatant  h'quid  through  an  ashless 
filter.  Wash  3  or  4  times  by  decantation  with  75-cc.  portions  of  hot 
ammoniimi  nitrate  solution  (2.5-per-cent),.  and  finally  transfer  and 
complete  the  washing  of  the  precipitate  on  the  paper.  If  the  precipi- 
tate is  large  or  much  sulfate  was  present  in  the  solution,  it  is  advisable 
to  dissolve  the  first  precipitate  in  hot  dilute  HCl  (l  :  l)  and  re-precipi- 
tate it  as  above  in  order  to  avoid  undue  contamination  by  lead  sulfate 
or  sodium  salts.  The  precipitate  may  be  carefully  ignited  directly  in 
a  porcelain  crucible  imder  oxidizing  conditions  until  the  carbon  is 
destroyed  or  else  the  paper  and  precipitate  may  be  dried  at  100®  C, 
the  precipitate  removed  from  the  paper,  and  the  paper  carefully 
ignited  separately  before  the  ignition  of  the*  main  precipitate.  In 
either  case  the  final  ignition  to  PbMoOi  should  be  at  a  very  dull  red 
heat  (Note  4). 
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(b)  Determination  of  Molybdenum  (Presence  of  Tungsten). 

Treat  the  sample,  in  a  400-cc.  beaker,  with  50  cc.  of  dilute  HCl 
(1  :  l),  and  when  solution  is  complete  add  10  cc.  of  HNO»  (sp.  gr.  1.42) 
to  oxidize  the  iron  and  the  tungsten.  Digest  imtil  the  tungstic  add 
is  bright  yellow,  filter  and  wash  with  dilute  HCl  (l  :  9).  Reserve  the 
precipitate.  Add  30  cc.  of  dilute  HtSO*  (1:1)  to  the  filtrate,  evapo- 
rate until  fumes  of  H2SO4  appear,  cool  and  add  40  cc.  of  water.  If  a 
light  residue  of  tungstic  acid  separates,  filter  it  oS  on  a  small  filter,  wash 
with  a  little  dilute  sulfuric  add,  and  treat  it  together  with  the  main 
tungstic  add  precipitate.  Add  3  g.  of  tartaric  add  to  the  dear  solu- 
tion, nearly  neutralize  with  NH4OH  (sp.  gr.  0.90),  predpitate  the 
molybdenum  as  sulfide  in  slightly  add  solution  and  proceed  as  above. 
In  order  to  recover  the  molybdenum  which  is  always  carried  down 
by  tungstic  add,  dissolve  the  tungstic  add  residues  by  pouring  hot 
sodium  hydroxide  solution  (2  N)  upon  them  and  finally  wash  the 
papers  with  a  little  hot  dilute  stilfuric  add.  To  the  filtrate  add  5  g. 
of  tartaric  add,  make  slightly  add  with  sulfuric  add,  and  predpitate 
as  above  with  hydrogen  sulfide.  Any  molybdeniun  recovered  here  is 
apt  to  be  contaminated  by  tungsten  and  therefore  the  predpitate 
must  be  dissolved  in  a  little  HCl  and  bromine  water  as  above,  treated 
with  2  cc.  of  H2SO4  (sp.  gr.  1.84)  evaporated  until  fumes  of  H1SO4 
appear,  cooled  and  diluted  with  6  cc.  of  water.  After  warm  digestion, 
filter  oiOf  the  dissolved  molybdenum,  wash  with  water  containing  a  little 
H2SO4,  add  the  solution  to  the  reserved  major  portion,  and  proceed  as 
in  method  (a). 

Notes. 

1.  Molybdenum  is  very  slowly  and  incompletely  precipitated  by  HjS  when  in 
a  reduced  state. 

2.  Tartaric  add  is  necessary  to  prevent  the  partial  precipitation  of  vanadium 
and  tungsten  by  HiS.  These  are  the  main  interfering  elements  in  any  method  for 
the  determination  of  molybdenum. 

3.  The  two  sodium  hydroxide  precipitations  are  necessary  to  completely  separate 
molybdenum  fiofn  iron  which  would  otherwise  be  precipitated  upon  boiling  in  dilute 
acetic  add  solution. 

'  4.  PbMo04  is  somewhat  soluble  in  ammonium  acetate  solution,  but  this  reagent 
is  necessary  to  preveqt  contamination  by  PbSOi.  If  the  solution  contained  no  sul- 
fates, a  more  desirable  method  would  consist  in  predpitating  the  molybdate  in  a 
hot,  very  dilute  HNOs  solution  by  means  of  Pb(NOa)i,  and  then,  when  the  predpitate 
became  granular,  making  the  solution  faintly  alkaline  with  ammonia  and  faintly 
add  with  acetic  add. 

5.  Molybdenum  may  also  be  satisfactorily  determined  by  carefvilly  igniting  the 
sulfide  to  the  oidde  MoOi,  wdghing,  and  then  correcting  for  iron  and  copper  oxides 
or,  by  dissolving  the  sulfide  in  add,  firedng  the  solution  from  copper,  arsenic,  and 
iron,  reducing  in  a  Jones'  reductor  containing  ferric  alum  and  phosphoric  add  in 
the  recover,  and  titrating  the  reduced  oxide  (MosOt)  to  MoO«  by  means  of  a  standard 
permAngaoate  solution. 
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DETERMINATION  OF  MOLYBDENUM 

BT 

sodium  hydroxide  separation,  lead  molybdate 
precipitation'. 

(Routine.) 


Solutions  Required. 

Sodium  Hydroxide  {S  N). — See  the  Deterinination  of  Molybde- 
num by  Precipitation  as  Sulfide  and  Weighing  as  Lead  Molybdate.* 

Ammonium  Acetaie  (jSO-per-cent). — See  the  Determination  of 
Molybdenum  by  Precipitation  as  Sulfide  and  Weighing  as  Lead 
Molybdate.* 

Lead  Acetate  {Uper<ent). — See  the  Determination7of  Molyb- 
denum by  Precipitation  as  Sulfide  and  Weighing  as  Lead  Molybdate.* 

Dilute  Hydrochloric  Acid  (i  ;  4).— Pour  200  cc.  of  HCl  (sp.  gr.  1.19) 
into  800  cc  of  distilled  water. 

Dilute  Hydrochloric  Acid  {5 :  100).— Pom  50  cc.  of  HCl  (sp.  gr. 
1.19)  into  1000  cc.  of  distilled  water. 

Method. 
(a)  Determination  of  Molybdenum  by  Sodium  Hydroxide  Separa- 

tiony  Lead  Molybdate  Precipitation  (Absence  of  Timgsten 

and  Vanadium). 
Dissolve  2  g.  of  the  sample  in  20  cc  of  HCl  (sp.  gr.  1.19),  oxidize 
with  5  cc  of  HNO»  (sp.  gr.  1.42)  and  eiq)el  oxides  of  nitrogen.  Add 
sodiimi  hydroxide  solution  (2  N)  imtil  the  excess  of  free  acid  is  neutral- 
ized, taking  care  not  to  produce  a  red  solution  (dissolved  hydrate)  or 
a  precipitate  (basic  molybdate).  Heat  the  solution  to  boiling,  and 
run  the  solution  of  the  steel  in  rapid  drops  from  a  tap  funnel  into 
160  cc  of  sodiimi  hydroxide  solution  (2N)  with  constant  stirring  of 
the  mixture.  Dilute  the  alkaline  solution  to  exactly  500  cc,  filter 
through  a  dry  filter,  discard  the  first  few  cubic  centimeters,  and  then 
take  exactly  250  cc  of  the  filtrate.  Neutralize  the  solution  with  HCl 
(sp.  gr.  1.19)  add  5  cc  in  excess,  boil,  add  20  cc  of  anmionium  acetate 
solution  (50-per-cent),  and  proceed  as  in  the  Determination  of  Molyb- 
denimi  by  Precipitation  as  Sulfide  and  Weighing  as  Lead  Molybdate,* 
omitting,  however,  a  second  precipitation  of  the  lead  molybdate. 

NOTBS. 

The  above  process  is  of  fairly  general  application.     Manganese,  nickel,  cobalt, 
aluminum,  and  the  ordinary  elements  of  steel  are  without  influence  in  the  method. 

>Smp.636. 


Digitized  by 


Google 


640      Tentative  Methods  of  Analysis  of  Alloy  Steels. 

Chromium  may  be  partially  oxidized  to  chromate  in  the  alkali  treatment  but  can 
be  reduced  to  the  harmless  trivalent  condition  by  adding  a  few  drops  of  sulfurous 
add  to  the  add  solution,  prior  to  the  molybdate  predpitation.  Tungsten  and 
vanadium  interfere.  Vanadium  is  not  easily  removed  but  the  interference  of 
tungsten  can  be  largely  overcome  by  the  modification  of  the  method  indicated  in 
method  (b). 

(b)  DeterminoHon  of  Molybdenum  by  Sodium  Hydroxide  Separa- 
tion, Lead  Molybdate  Precipitation  (Presence  of  Tungsten 
and  Absence  of  Vanadium). 

Dissolve  2  g.  of  the  sample  in  a  covered  beaker  in  50  cc.  of  HCl 
(sp.  gr.  1.19),  heat  to  incipient  boiling  and  digest  on  a  hot-plate  at 
moderate  heat.  Add  a  few  drops  of  HNO»  (sp.  gr.  1.42),  wait  until 
the  vigorous  action  ceases,  and  continue  the  dropwise  addition  of  the 
acid  until  the  vigorous  action  ceases.  If  this  is  carefully  done,  no 
timgstic  add  separates  at  this  stage.  Next  evaporate  the  liquid  as 
quickly  as  possible  until  tungstic  add  begins  to  separate,  and  then 
more  slowly  until  the  solution  is  pasty.  Now  add  50  cc.  of  dilute  HCl 
(l  :4),  boil,  and  set  aside  for  at  least  15  minutes.  Filter  through 
paper  pulp,  wash  with  dilute  HCl  (5  :  100)  and  treat  the  hydrochloric 
acid  solution  for  molybdenum  as  above. 

DETERMINATION  OF  MOLYBDENUM 

BY  THB 

COLORIMETRIC  METHOD. 

(Optional  Routine.) 

(Absence  of  Tungsten  and  High  Vanadium  or  Copper.) 


Solutions  Required. 

DUuU  Sulfuric  Acid  {1 :  7).— Carefully  mix  100  cc.  of  H1SO4 
(sp.  gr.  1.84)  and  700  cc.  of  distillled  water. 

Dilute  NitriC'Suljuric  Acid  Mixture.— Mix,  833  cc.  of  HNOt 
(sp.  gr.  1.20)  and  167  cc.  of  HjSO*  (l  :  l). 

SulfuriC'Hydrochloric  Acid  Mixture,— Mix  450  cc.  of  HsSO^ 
(1  :  1),  100  cc.  of  HCl  (1  :  l),  and  450  cc.  of  distilled  water. 

Ferric  Sulfate. — ^Dissolve  70  g.  of  ferric  sulfate  in  a  mixture  of 
120  cc.  of  HCl  (1  :  1),  500  cc.  of  H2SO4  (l  :  l),  and  380  cc.  of  distilled 
water.    Filter  if  necessary. 

Chromic  Sulfate. — ^Dissolve  50  g.  of  chromic  potassium  sulfate  in 
100  cc.  of  H2SO4  (1:1),  and  200  cc.  of  water  and  heat  imtil  the  purple 
color  changes  to  green.    Dilute  to  1000  cc. 
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Stannous  Chloride. — ^Dissolve  250  g.  of  stannous  chloride  in  200 
cc.  of  HCl  (sp.  gr.  1.19),  and  dilute  to  1000  cc.  with  distilled  water. 

Standard  Molybdenum  Solution. — ^Weigh  accurately  such  an 
amount  of  a  standard  ferro-molybdenum  (preferably  over  50  per  cent 
molybdenum)  as  will  represent  exactly  0.5  g.  of  molybdenum,  and 
transfer  the  sample  to  a  platinum  dish.  Add  20  cc.  of  dilute  HNO3 
(1  :  1),  and  a  few  cubic  centimeters  of  hydrofluoric  acid,  warm  until 
the  aUoy  is  dissolved  and  then  add  20  cc.  of  HsS04  (1:1)  and  evaporate 
until  fumes  of  H2SO4  appear.  Cool,  add  50  cc.  of  water,  boil  until  all 
salts  are  dissolved  and  then  cool  and  transfer  to  a  liter  flask.  Add  100 
cc.  of  H2SO4  (1  :  1)  and  dilute  the  solution  to  the  mark. 

Potassium  Thiocyanate  {S-per-cent). — ^Dissolve  50  g.  of  KCNS  in 
1000  cc.  of  distilled  water. 

Method. 
Transfer  0.5  g.  of  the  steel  to  a  200-cc.  casserole,  dissolve  in  10  cc. 
of  the  nitric-sulfuric  mixture,  and  then  evaporate  until  fumes  of  H2SO4 
are  evolved.  Cool,  add  30  cc.  of  sulfuric-hydrochloric  mixture  and 
heat  until  the  salts  are  in  solution.  Cool  the  solution,  transfer  to  a 
comparison  bath  and  place  in  a  bath  for  further  cooling.  To  another 
comparison  tube  add  25  cc.  of  the  ferric  sulfate  solution  (0.5  g.  Fe), 
1  cc.  of  the  chromic  sulfate  solution  for  each  per  cent  of  chromium 
present,  and  then  1  cc.  of  the  standard  molybdenum  solution  for  each 
0.1  per  cent  of  molybdenum  expected.  Cool  both  tubes  to  the  same 
temperature  and  add  to  each  from  a  burette  5  cc.  of  potassium  thio- 
cyanate solution  (5-per-cent).  Mix  the  solution  in  each  tube,  add 
10  cc.  of  the  stannous  chloride  solution  to  each  from  af  burette  and  well 
mix  each  solution  for  10  seconds.  With  dilute  H2SO4  (l  :  7),  dilute 
the  standard  to  some  multiple  of  its  molybdenum  content  and  dilute 
the  test  until  the  colors  match.  The  amounts  of  molybdenum  are  then 
directly  proportional  to  the  heights  of  the  columns  of  liquids. 

Notes. 

The  above  method  is  applicable  to  steels  containing  up  to  0.5  per  cent  of  molyb- 
denum. Above  this  percentage  the  solution  of  the  steel  mast  be  divided  into  aliquot 
portions  and  the  iron  and  the  hydrochloric  acid  in  the  standard  varied  accordingly. 

If  the  analyst  is  dealing  with  steels  of  approximately  the  same  composition,  the 
iron,  chromium  (nickel)  and  molybdenum  may  be  combined  so  that  a  single  25-cc. 
portion  is  used  as  the  standard. 

The  amount  of  hydrochloric  acid  must  be  r^ulated  and  be  the  same  in  the 
tests  as  excessive  hydrochloric  acid  causes  a  fading  of  the  color. 

If  the  steel  contains  chromium  in  excess  of  1  per  cent,  difficulty  may  be  en- 
countered in  obtaining  complete  solution  after  the  evaporation  to  the  appearance  of 
fumes  of  HjSO^.  In  this  event,  dissolve  0.5  g.  of  the  steel,  contained  in  a  200-cc. 
flask,  in  15  cc.  of  dilute  HaSO^  (1  :  1),  and  30  cc.  of  distilled  water.     When  solution 
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is  complete,  add  15  cc.  of  (NH4}iSt08  solution  (15-per-oent)  and  boil,  add  3  cc  of 
dilute  HCl  (1:1),  boil  10  minutes  to  expel  the  excess  of  persulfate,  and  to  reduce 
the  volume  to  30  cc.  preliminary  to  comparison.  If  any  residue  remains,  add  paper 
pulp,  filter,  reserve  the  filtrate,  and  transfer  the  paper  and  pulp  to  a  150-cc.  beaker 
and  add  10  cc.  of  HNOi  (sp.  gr.  1.42),  5  g.  of  sodium  chlorate  and  5  cc.  of  HtSOi 
(sp.  gr.  1.84).  Evaporate  to  the  appearance  of  copious  fumes  and  repeat  the  treat- 
ment if  the  solution  is  not  free  from  color  due  to  organic  matter.  Cool  and  add  to 
the  reserved  filtrate. 

DETERMINATION  OF  COPPER. 
See  the  Determination  of  Copper  in  Plain  Carbon  Steel.* 

determination  of  nickel. 

See  the  Determination  of  Nickel  in  Nickel  Steel  by  the  Gravi- 
metric Dimethylglyoxime  Method.* 

See  the  Determination  of  Nickel  in  Nickel  Steel  by  the  Cyanide 
Titration  Method  (Routme).' 

DETERMINATION   OF  CHROMIUM. 

See  the  Determination  of  Chromium  in  Chrome-Nickel  Steel  by 
the  Persulfate  Oxidation  Method.* 

DETERMINATION  OF  VANADIUM. 

See  the  Determination  of  Vanadium  in  Chrome- Vanadium  Steel 
by  the  Electrolytic  Separation  Method.* 

See  the  Determination  of  Vanadium  in  Chrome-Vanadium  Steel 
by  Reduction  with  Ferrous  Sulfate  and  Titration  with  Permanganate 
Method  (Routine).* 

DETERMINATION  OF  TUNGSTEN. 

See  the  Determination  of  Tungsten  in  Tungsten  Steel  by  the 
Acid  Digestion-Cinchonine  Method.^ 

See  the  Determination  of  Timgsteh  in  Tungsten  Steel  by  the  Di- 
gestion with  Adds  Method  (Routine).* 

DETERMINATION  OF  COBALT. 

See  the  Determination  of  Cobalt  in  Tungsten  Steel  by  the  Sulfide 
Method." 

See  the  Determination  of  Cobalt  in  Tungsten  Steel  by  the  Cyanide 
Titration  Method  (Routine).*® 

>  Tentative  Methods  of  Chemical  Analysis  of  Plain  Carbon  Steel  (Serial  Designation:    A  33  - 
22  T).  p.  578. 

iSeep.  601.      »SMp.  603.        « See  p.  609.        'Seep.  615.        •  See  p.  617. 
'  See  p.  624.      •  See  p.  626.        •  See  p.  630.        >•  See  p.  633. 
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TENTATIVE  RECOMMENDED  PRACTICE 

FOR 

HEAT  TREATMENT  OF  CARBON-STEEL  CASTINGS.^ 

Serial  Designation:  A  36  -  22  T. 

This  is  a  Tentattve  Standard  only,  published  for  the  purpose  of  eliciting  criti- 
cism and  suggestions.  It  is  not  a  Standard  of  the  Society  and  until  its  adoption  as 
Standard  it  is  subject  to  revision., 

ISSUBD,  1922. 

1.  This  recommended  practice  is  intended  solely  for  guidance  Scopt. 
and  is  not  to  be  construed  as  entering  in  any  manner  into  specifications 

of  the  American  Society  for  Testing  Materials. 

2.  The  castings  should  be  sufficiently  cleaned  of  adhering  sand  Cleaning, 
before  annealing  to  insure  thorough  and  uniform  heating.     It  is,  of 
course,  inadvisable  to  sand  blast  the  castings  before  annealing. 

3.  The  castings  should  be  heated  slowly  and  uniformly  to  tem-  Ann«aUngand 
peratures  varying  with  the  carbon  content  of  the  steel,  approximately  X(Sn^tur«s. 
as  follows: 

Cakbon,  pbr  cxnt.  Tbmpbratukb. 

Up  to  0.40 900^  C.  (1  W2»  F.) 

0.40  to  0.60 850*  C.  {1560*  P.) 

Abow  0.60 830*  C.  (1525*  F.) 

4.  The  castings  should  be  kept  at  the  ma.TimTim  temperature  a  Time  of 
sufficient  length  of  time'to  insure  the  refining  of  the  grain.  Generally,  ^••**"«- 
from  one  to  two  hours  is  required  to  accomplish  this  refining  after  the 

steel  has  reached  the  maximum  temperature.  As  it  requires  a  con- 
siderable length  of  time  for  the  interior  of  a  heavy  piece  to  reach  the 
indicated  temperature  of  the  furnace,  it  is  recommended  that  the 
castings  be  held  at  the  maximum  temperature  at  least  forty-five 
minutes'for  each  inch  of  thickness  of  the  castings  and  that  to  the  time 
estimated  from  one  to  two  hours  be  added  to  msure  thorough  grain 
refining  throughout  the  piece. 

>  Th»  recommeodad  pnictiM.  when  adppted  at  ttandard.  will  tupenedo  Um  prettut  Raoommendad 
Practice  for  Annealing  of  Carbon-Steal  Castings  (Serial  Deaignation:  A  36  - 14).  1921  Book  of 
A.S.T.M.  Standards. 

Critieiama  of  this  reeommendad  practioa  are  solidtad  and  ahoold  be  directed,  preferably  before 
January  1,  1925.  to  Mr.  J.  H.  Hall,  Secretary  of  Commitee  A-4  on  Heat  Treatment  of  Iron  and 
Steel.  Taylor-Wbarton  Iron  and  Steel  Co..  High  Bridge.  N.  J. 
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Slow  CooUng.  5.  The  castings  should  be  cooled  slowly  and  unifonnly  in  the 

furnace,  when  it  is  desired  that  the  steel  shall  possess  the  maximum 
softness.  In  the  case  of  very  heavy  castings  of  comparatively  uniform 
section  they  may  be  cooled  in  the  air. 

Note. — It  is,  of  course,  quite  unnecessary'  and  superfluous  to  use  this  method 
as  preliminary  to  any  of  the  methods  outlined  in  Sections  6,  7  and  8. 

Acceiertted  6.  The  castings  may  be  cooled  at  an  accelerated  rate  when  it 

Cooling.  .g  (fggif^^j  i^hat  the  steel  possess  rather  higher  tensile  strength  and 
elastic  limit  than  can  be  procured  by  slow  cooling.  The  cooling  must 
be  so  conducted  as  to  leave  the  steel  reasonably  free  from  cooling 
stresses.  The  castings  may  be  withdrawn  from  the  furnace  and  buried 
in  a  bed  of  material  that  is  a  poor  conductor  of  heat;  or  the  annealing 
furnace  may  be  so  thrown  open  that  the  castings  will  cool  more  rapidly 
than  they  would  if  the  furnace  were  left  closed.  Should,  however,  the 
castings  be  of  such  uneven  section  that  they  cool  at  unequal  rates  at 
various  points  when  the  furnace  is  opened,  especially  if  the  carbon  of 
the  steel  is  high,  the  furnace  should  be  closed  immediately  after  the 
castings  have  become  black,  and  their  further  cooling  so  retarded 
that  the  stresses  set  up  by  the  unequal  rates  of  cooling  are  relieved. 
Rapid  7.  (a)  If  the  sections  of  the  castings  are  such  that  the  castings 

Cooling.  ^jii  ^^i  jn  j^j.  from  the  annealing  temperature  to  a  black  heat  in  less 
than  30  minutes,  the  castings  may  be  withdrawn  from  the  furnace 
and  cooled  in  the  air.  When  a  car-type  furnace  is  used,  this  may 
be  accomplished  by  withdrawing  the  car  from  the  furnace  and  allow- 
ing the  casting  to  remain  on  the  car.  In  this  case,  however,  care  should 
be  taken  in  loading  the  car  so  that  the  castings  will  cool  as  uniformly 
as  possible. 
'  (6)  When  the  greatest  possible  strength  and  elastic  limit  for  any 

given  extension  and  contraction  are  desired,  the  castings  may  be 
quenched  in  oil  or  water  followed  by  reheating,  provided  they  are  of 
suitable  design  and  section. 

(c)  Certain  castings  which  would  crack  if  held  in  the  water  or  oil 
until  completely  cold,  may  be  safely  treated  by  removing  them  from 
the  bath  when  they  have  reached  a  black  heat,  placing  them  in  a 
furnace  at  approximately  the  same  temperature  as  the  castings  and 
immediately  reheating  them  as  described  in  Section  8. 
Drawing.  8.  Castings  which  have  been  cooled  in  air  as  described  in  Section 

7  (a),  or  quenched  in  water  or  oil  as  described  in  Sections  7  (b)  and 
7  (c),  should  be  reheated  to  a  temperature  not  exceeding  675®  C. 
(1247**  F.).  If  there  is  danger  of  cracking  the  castings  in  this  reheat- 
ing on  accoimt  of  the  stresses  set  up  by  previous  rapid  cooling,  this 
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second  heating  should  be  at  a  slower  rate  than  the  first  heating.  In  no 
case  should  the  rate  for  the  second  heating  exceed  that  for  the  first 
heating.  The  castings  should  be  held  at  the  given  temperature  at 
least  one  hour  for  each  inch  of  section  to  insure  thorough  and  uniform 
heating  throughout  the  piece.  To  this  time  of  eicposure  to  the  maxi- 
mum temperature  should  be  added  at  least  two  hours  to  complete 
the  drawing  of  the  interior  of  the  castings.  After  the  drawing  is 
completed  the  castings  may  be  cooled  as  desired  either  in  the  furnace 
or  in  the  air. 

9.  In  general  the  shock  toughness  of  the  steel  is  considerably  Oenerti. 
improved  and  the  elastic  limit  considerably  raised  by  air  cooling  and 
drawing  as  compared  with  these  properties  in  a  similar  steel  when 
annealed  as  described  in  Section  5.  Both  these  properties  are  still 
further  improved  by  quenching  and  drawing,  as  described  in  Sec- 
tions 7  (6)  and  8. 
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TENTATIVE  SPECIFICATIONS 

FOR 

ALUMINUM  INGOTS  FOR  REMELTING 

AND  FOR  ROLLING.* 

Serial  Designation:  B  24  -  22  T. 

This  is  a  Tentative  Standard  only,  published  for  the  purpose  of  eliciting 
critidsm  and  suggestions.  It  is  not  a  Standard  of  the  Society  and  until  its 
adoption  as  Standard  it  is  subject  to  revision. 

Issued,  1918;  Revisbd,  1919,  1920,  1922. 

1.  These  specifications  cover  three  grades  of  Virgin  Alumi- 
num, as  follows: 

Oradb.  Aliminum.  pbk  cbnt. 

99.5 99.5  (Minimum) 

99.0 99.0  (Minimum) 

98.0 98.0  (Minimum) 

2.  The  presence  in  any  of  the  above  grades  of  manganese, 
magnesium,  zinc,  calcium  or  similar  metals  commonly  used  in  the 
light  alloys,  is  not  admissible  and  such  ingot  cannot  be  classed 
as  Virgin  Aluminum  under  these  specifications.  Copper  is  an 
allowable  impurity  up  to  a  maximum  of  0.1  per  cent  in  the  99.5 
grade;  0.25  per  cent  in  the  99.0  grade;  and  0.45  per  cent  in 
the  98.0 /grade.  Iron  and  silicon  are  also  allowable  impurities. 
The  sum  total  of  the  impurities,  however,  shall  not  exceed  0.5 
per  cent  in  the  99.5  grade,  1.0  per  cent  in  the  99.0  grade,  nor  2.0 
per  cent  in  the  98.0  grade. 

I.    MANUFACTURE. 

3.  No  scrap  shall  be  used  other  than  that  resulting  in  the 
manufacturer's  own  plant  from  the  production  of  material 
complying  with  these  specifications,  and  which  is  of  similar 
composition  to  the  material  specified. 

II.    PHYSICAL  DEFECTS. 

4.  Ingots  for  rolling  shall  be  of  imiform  quality,  tough  and 
sound.  They  shall  be  substantially  free  from  blowholes,  shrink- 
age cracks,  cold-sets,  dross,  foreign  matter,  and  other  defects 

>  CrMcims  of  tiiMa  TenUtlve  Spwiflcations  art  aoUdtad  and  •hould  b«  dinctod,  pnf tr- 
ably  before  January  I.  1923.  to  Mr.  P.  D.  Merica.  Secretary  of  Committee  B-2  oa  Noo- 
Perroua  Metale  and  AUoye.  International  Nickel  Co..  67  Wall  St..  New  York  City. 
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in  set  or  casting.  Such  defects  may  be  waived  in  ingots  which 
are  to  be  remelted. 

III.  SAMPLING. 

5.  If  the  aluminum  is  shipped  in  carload  lots,  then  random  sampiiag. 
samples  shall  be  taken,  but  not  less  than  five  ingots  for  each 

car.    If  the  shipment  is  in  less  than  carload  lots,  one  ingot  shall 
be  taken  for  each  10,000  lb.  (4536  kg.)  or  fractional  part  thereof. 
When  it  is  deemed  necessary,  a  sample  may  be  taken  from 
each  heat  of  500  lb.  (226.8  kg.)  or  more  of  metal. 

6.  The  ingots  selected  shall  be  drilled  completely  through,  Druiiag. 
or  half  through  from  top  and  .bottom.     The  drillings  shall  be 

fine,  thin  chips.  They  should  be  thoroughly  mixed  and  the 
sample  for  analysis  should  not  be  less  than  60  g. 

IV.  ANALYSE& 

7.  The  chemical  analysis  shall  be  made  in  accordance  with  Analyses, 
the  Tentative  Methods  of  Chemical  Analysis  of  Aluminum  and 

Light  Aluminum  Alloys  (Serial  Designation:  B  40  -  21  T)  of  the 
American  Society  for  Testing  Materials.' 

V.  MARKING. 

8.  The  maker's  brand  and  the  grade  of  aluminum  shall  be  Markiiig. 
cast  on  each  ingot.     When  this  is  not  practicable,  the  grade 

shall  be  indicated  by  spotting  each  large  ingot,  or  one  ingot  in 
each  bundle  of  small  ingots,  with  a  designating  color  of  paint: 
white  indicating  the  99.5  grade,  blue,  the  99.0  grade,  and  red, 
the  98.0  grade. 

VI.    CLAIMS. 

9.  Claims,  to  be  considered,  shall  be  made  in  writing  within  claim, 
ten  days  of  receipt  of  material  at  the  purchaser's  plant,  and  the 
results  of  the  purchaser's  tests  shall  be  given.     The  vender 
shall  within  ten  days  of  such  claim,  either  agree  to  satisfy  the 
claim  or  send  a  representative  to  the  purchaser's  plant  to  resample 

the  shipment,  as  specified  in  Section  3.  Samples  so  taken  shall 
be  sealed  and  submitted  to  a  mutually  agreeable  mnpire,  whose 
determination  shall  be  final. 

10.  The  eiq)ense  of  the  umpire  analysis  shall  be  paid  by  the  sattiament  of 
loser,  or  divided  in  proportion  to  the  concession  made,  in  case  cwma. 

of  compromise.  In  case  of  rejection  being  established,  the 
damage  .shall  be  limited  to  the  payment  of  freight  both  wajrs 
by  the  vender  for  the  substitution  of  an  equivalent  weight  of 
metal  meeting  these  spedfications. 

Proceedings,  Am.  Soc   Teat.  Mata..  Vol  21,  p.  499  (1921). 


Digitized  by 


Google 


TENTATIVE  SPECIFICATIONS 

FOR 
PIG  LEAD.i 

Serial  Designation:  B  29-22  T. 

This  is  a  Tentative  Standard  only,  pu!)lished  for  the  purpose  of  ehciting 
criticism  and  suggestions.  It  is  not  a  Standard  of  the  Society  and  until  its 
adoption  as  Standard  it  is  subject  to  revision. 

Issued,  1919;  Revised,  1920,  1922. 

Definition.  1.  Virgin  Lead  is  lead  made  from  ore  or  similar  raw  material 

by  direct  processes  of  reduction  and  refining,  and  not  produced 
from  reworked  metal,  and  is  termed  Pig  Lead. 
Orades.  2.  Under  these  specifications  Virgin  Lead  is  considered  in 

three  grades,  as  follows: 

I.  Corroding  Lead. 
II.  Chemical  Lead. 
III.  Common  Lead. 
I.    MANUFACTURE, 
nniform  Quality.         3.  The  maker  shall  use  care  to  have  each  carload  of  as 
uniform  quality  as  possible. 

XL    CHEMICAL  PROPERTIES  AND  TESTS. 
(A)  Chemical  Composition. 
Corroding  Lead.  4.  Corroding  Lead  (Grade  I)  shall  conform  to  the  following 

requirements  as  to  chemical  composition: 

Silver not  over  0. 0015  per  cent. 

Copper "      **     0.0015 

Copper  and  silver  together ".      "     0 .  0025 

Arsenic "      "     0.0015 

Antimony  and  Tin  together *'      "     0.0095 

Zinc "      "     0.0015 

Iron "      "     0.002 

Bismuth "      '*     0.05 

Lead  (by  difference) '. . .  99.9330 

Note. — The  maximum  limits  for  bismuth,  copper  and  silver  have  been 
given,  but  it  is  not  expected  that  any  delivery  will  contain  the  maximum  of 
all  three. 

Chemical  Lead.  5.  Chemical  Lead  (Grade  II)  is  a  designation  that  has  been 

used  for  many  years  in  the  trade  to  describe  the  undesilverized 
lead  produced  from  Southeastern  Missouri  ores.  This  lead  con- 
tains from  0.04  to  0.08  per  cent  of  copper,  from  0.005  to  0.015 

I  Criticisms  of  these  Tentative  Specifications  are  solicited  and  should  be  directed,  prefer- 
ably before  January  1,  1923,  to  Mr.  P.  D.  Merica,  Secretary  of  Committee  B-2  on  Non- 
Ferrous  Metals  and  Alloys.  International  Nickel  Co..  67  Wall  St.,  New  York  City. 
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per  cent  (hj-  to  4^  oz.  per  ton)  of  silv^er  and  carries  less  than 
0.005  per  cent  of  bismuth. 

6.  Common  Lead  (Grade  III)  shall  conform  to  the  following  common  Lead, 
requirements  as  to  chemical  composition: 

(a)  Desilverized  Lead: 

Silver not  over  0. 002    per  cent. 

Copper "      "  0.0025 

Arsenic,  Antimony  and  Tin  together.  ...     "      "  0.015 

Bismuth '*      "  0. 25 

Iron... "      "  0.002 

Zinc '•      "  0.002 

Lead  (by  difference) 99. 7265 

(b)  Soft  Missouri  Lead:^ 

Silver not  over  0 .  002    per  cent. 

Copper *'      "  0 .  04 

Arsenic,  Antimony  and  Tin  together.  ..."       "  0.015 

Bismuth "       "  0.005 

Iron "       "  0.005 

Zinc "       "  0.002 

Lead  (by  difference) 99 .  93 1 

(B)  Sampling  and  Analysis. 

7.  (a)  In  sampling,  a  carload  or  less  shall  be  considered  a  sampling, 
lot  or  unit.    One  pig  shall  be  taken  to  represent  each  ton  of 
lead  m  the  lot.    TTie  pigs  thus  taken  shall  be  sampled  by  one 
of  the  following  methods: 

(1)  By  sawing   completely  through,  as  illustrated  in  Fig.  1; 

(2)  By  punching  completely  through  (if  equipment  permits) 

or  punching  half-way  through  from  two  opposite  sides, 
as  illustrated  in  Figs.  2  and  3 ; 

(3)  By  drilling  at  least  half-way  through. 
(b)  Whenever  the  surface  of  the  pigs  to  be  sampled  is  dirty, 

care  shall  be  taken  to  see  that  none  of  the  dirt  or  foreign  material 
gets  into  the  sample.        ' 

8.  If  the  sample  is  taken  by  sawing,  the  sawdust  from  all  Sawing, 
the  pigs  shall  be  thoroughly  mixed  and  quartered  and   the 
sample  for  analysis  drawn  from  the  mixed  material.    Care  shall 
be  taken  that  the  sawdust  is  free  from  all  extraneous  material. 

9.  If  the  sample  is  taken  by  punching  or  drilling,  the  holes  Panching  oi 
shall  be  spaced  along  a  diagonal  line  from  one  corner  of  the  pig  ^^J""*- 
to  the  other.     Sampling  in  this  manner  maybe  so  arranged  that 
one  or  more  holes  are  made  in  each  of  several  pigs  of  a  group  in 
such  positions  that  they  represent  consecutive  positions  on  the 
diagonal  of  a  single  pig.    (See  illustration  in  Fig.  2.) 

I  Soft  Missouri  Lead  is  a  trade  name  used  to  cover  soft  undasilveriaad  lead. 
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(a)  If  punchings  are  taken,  they  may  be  carefully  melted 
in  a  dean  graphite  crudble,  and  dther  granulated  by  carefully 
pouring  into  distilled  water  and  thoroughly  drying,  or  casting 
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The  Bars  aft  SampM  in  Sets  of  Five 
According  fo  Template  as  Shown  above. 


Pig.  1. — Saw  Method  of  Sampling  Lead. 

into  thin  slabs  which  shall  be  sawed  completdy  through  in 
several  places  and  the  sawdust  treated  as  described  in  Section  8. 
(6)  If  drillings  are  taken,  they  may  be  clipped  and  mixed, 
and  the  sample  for  analysis  drawn  from  the  mixed  material; 
or  they  may  be  melted  as  in  the  case  of  punchings. 
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10.  The  chemical  analysis  shall  be  made  in  accordance  Methods  of 
with  the  Standard  Methods  of  Chemical  Analysis  of  Pig  Lead  J^^jJjjJ 
(Serial  Designation:  B  35)  of  the  American  Society  for  Testing 
Materials.' 

III.    MARKING. 

11.  A  brand  shall  be  cast  or  otherwise  plainly  marked  upon  Marktng. 
each  pig  by  which  the  maker  and  grade  may  be  identified. 

Top 


C    ° 

0 

•       .) 

Sid* 

C9nftY 

■H--- 

1 
1 

_J_._^. 

Lin^ 


Templet. 


o 
o 


\^ 


/^\ 


r\ 


\y 


r\ 


K^ 


The  Bars  SelecHd  as  Samples  are  Placed  in  a  Lin9  with 
every  other  Bar,  Bottom  6ide  up.  The  Sampling  is  Done  according 
to  Template  in  Sets  of  five  Bars  each,  as  Indicated  above.   The 
Punch  must  be  Driven  Halfway  through  the  Ban  Jn  Case  a 
Larger  Sample  is  Desired,  the  Bars  are  Turned  over  and  Sampled 
on  the  other  Diagonal, 

Pig.  2. — Punch  Method  of  Sampling  Lead. 

IV.    CLAIMS. 

12.  (a)  Claims,  to  be  considered,  shall  be  made  in  writing  oiaimB. 

within  30  days  of  receipt  of  the  material  at  the  purchaser's  plant, 

and  the  results  of  the  purchaser's  tests  shall  be  given.   The  seller 

>  1921  Book  of  A.S.T.M.  Standards. 
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Settlement 
of  Claims. 


shall  be  given  one  week  from  date  of  receipt  of  such  claim  to 
investigate  his  records,  and  then  shall  agree  either  to  satisfy 
the  claim  or  to  the  submission  of  samples  to  an  umpire.  No 
claim  shall  be  considered  unless  the  sample  pigs  can  be  shown 
to  the  seller's  representative. 

(6)  Where  the  lead  satis- 
fies the  purity  requirements 
of  these  specifications,  it  shall 
not  be  condemned  for  defects 
in  the  products  in  which  it  is 
used. 

13.  On  questions  of  pur- 
ity a  sample  ^all  be  drawn  by 
representatives  of  both  parties, 
as  described  under  "Sam- 
pling." The  properly  mixed 
and  quartered  sample  shall  be 
separated  into  three  parts, 
each  of  which  shall  be  placed 
in  a  sealed  package,  one  for 
each  party  and  one  for  an 
umpire,  if  necessary.  Each 
party  shall  make  an  analysis, 
and  if  the  results  do  not 
establish  or  dismiss  the  claim 
to  the  satisfaction  of  both 
parties,  the  third  sample  shall 
be  submitted  to  a  mutually 
agreeable  umpire,  who  shall 
determine  the  question  of 
quality,  and  whose  determina- 
tion shall  be  final. 

14.  The  expense  of  the 
seller's  representative  and  of 
the  umpire  shall  be  paid  by 
the  loser,  or  divided  in  pro- 
portion to  the  concession 
made  in  case  of  compromise. 
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Fig.  3. — Sample  Punch  for  Lead. 


In  case  of  rejection  being  established,  damages  shall  be  limited 
to  the  payment  of  freight  both  ways  by  the  seller  for  substitution 
of  an  equivalent  weight  of  lead  meeting  these  specifications. 
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TENTATIVE  SPECIFICATIONS 

FOR 

COPPER   PIPE,   STANDARD   SIZES.^ 

Serial  Designation:  B  42-22  T. 

This  is  a  Tentative  Standard  only,  published  for  the  purpose  of  eliciting  criti- 
cism and  suggestions.  It  is  not  a  Standard  of  the  Society  and  until  its  adoption  as 
Standard  it  is  subject  to  revision. 

Issued,  1922. 

1.  These  specifications  cover  seamless  copper  tubes  and  seamless  Material 
copper  pipe  suitable  for  use  in  plumbing,  boiler  feed  lines,  etc.  Covered. 

I.    MANUFACTURE. 

2.  (a)  The  pipe  shall  be  cold-drawn  to  size.  Process. 
(h)  When  pipe  is  required  for  bending,  the  purchaser  shall  so 

si)ecify,  in  which  case  the  pipe  shall  be  furnished  with  a  proper  bend- 
ing temper. 

II.  CHEMICAL  PROPERTIES  AND   TESTS. 

3.  The  copper  shall  have  a  purity  of  at  least  99.880  per  cent  as  chemical 
determined  by  electrolytic  assay,  silver  being  counted  as  copper.  Composition. 

4.  The  sample  for  chemical  analysis  shall  consist  of  drillings,  sampling, 
millings,  or  clippings,  taken  from  the  test  specimens  specified  in 
Section  9,  equal  quantities  being  taken  from  each   specimen    and 
thoroughly  mixed.     Samples  $o  prepared  shall  be  divided  into  three 

equal  parts,  each  of  which  shall  be  placed  in  a  sealed  package,  one  for 
the  seller,  one  for  the  purchaser,  and  one  for  an  umpire  if  necessary. 

III.  PHYSICAL  PROPERTIES  AND   TESTS. 

5.  The  material  shall  conform  to  the  following  requirements  as  to  Tension 
tensile  properties:  Tests. 

Elon(;ation 
Tensile  Strength,       in  4  in., 

LB.   PER  SQ.    IN.  PER   CENT. 

Pipe  less  than  2  in.  in  outside  diameter 40  000  10 

Pipe  2  in.  or  over  in  outside  diameter  (after  annealing)     30  000  25 

6.  (a)  The  test  specimen,  after  being  annealed,  shall  withstand  Bend  Tests, 
being  bent  cold  through  180  deg.  without  cracking  on  the  outside  of 

»  Criticisms  of  these  Tentative  Specifications  are  solicited  and  should  be  directed,  preferably  before 
January  1,  1923,  to  Mr.  P.  D.  Merica,  Secretary  of  Committee  B-2  on  Non-Ferrous  Metals  and  Alloys, 
Internatioiua  Nickel  Co.,  67  Wall  8^,  N^w  York  City.. 


(653) 

Digitized  by  LjOOQIC 


654 


Tentative  Specifications  for  Copper  Pipe. 


PUngs  Test 


Hydrostatic 
Test. 


Test 
Specimens. 


the  bent  portion  as  follows:  For  material  less  than  J  in.  in  thickness, 
flat  on  itself;  and  for  material  i  in.  or  over  in  thickness,  around  a 
pin  the  diameter  of  whice  is  twice  the  thickness  of  the  specimen. 

(b)  In  the  case  of  pipe  for  bending,  annealed  full  sections  of  the 
pipe  shall  withstand  being  bent  cold  through  180  deg.  without  cracking 
on  the  outside  of  the  bent  portion,  around  a  pin  the  diameter  of  which  is 
1  i  times  the  inside  diameter  of  the  pipe.  This  test  shall  be  in  addition 
to  the  test  specified  in  Paragraph  (a). 

7.  (a)  An  annealed  test  specimen,  not  more  than  4  in.  in  length 
shall  have  a  flange  turned  over  at  right  angles  to  the  body  of  the  pipe 
without  showing  cracks  or  flaws.  The  width  of  this  flange,  as 
measured  from  the  outside  of  the  pipe,  shall  be  one-fourth  of  the  inside 
diameter  of  the  pipe. 


afttrUsing 
Flaring  To 
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(    afferUsmf 
Ffamn 


A  -  Oufs,  Diant  of  Flue  hssf. 
B^  Outs. Diam,of Hue  /ess§: 
C'  Outs,Diam.ofFlu9  pfusj^' 

Flaring  Tool. 


A"  Outi,DiQm,  ofFit/eplus^* 
Die  block. 


Fig.   1. 


{b)  In  making  the  flange  test,  it  is  reconmiended  that  the  flaring 
tool  and  die  block  shown  in  Fig.  1  be  used. 

8.  Each  pipe  shall  withstand,  without  showing  weakness  or 
defects,  an  internal  hydrostatic  pressure  sufficient  to  subject  the 
material  to  a  fiber  stress  of  6000  lb.  per  sq.  in.,  determined  by  the 
formula  for  thin  hollow  cylinders  under  tension: 

tS 
P  =  2  — 

in  which  P  equals  the  pressure  in  pounds  per  square  inch,  /  equals  the 
thickness  of  wall  in  inches,  D  equals  the  inside  diameter  of  the  pipe 
in  inches,  and  5  equals  the  allowable  unit  stress  of  the  material  = 
6000  lb.  per  sq.  in.  No  pipe  shall  be  tested  beyond  a  pressure  of 
1000  lb.  per  sq.  in.  unless  so  specified. 

9.  (a)  Tension  test  specimens  for  pipe  less  than  2  in.  in  outside 
diameter  shall  consist  of  a  full  section  of  the  unannealed  pipe;  the 
ends  shall  be  plugged  with  metal  plugs  which  shall  not  extend  within 
the  gage  marks. 
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(b)  In  the  case  of  pipe  2  in.  or  over  in  outside  diameter  and  not 
exceeding  6  in.  in  outside  diameter,  the  test  specimen  shall  be  cut 
longitudinally.  In  the  case  of  pipe  exceeding  6  in.  in  outside  diameter, 
the  test  specimen  shall  be  cut  circumferentially. 

(c)  The  test  specimen  taken  as  specified  in  Paragraph  (6),  shall  be 
heated  to  a  cherry  red  and  straightened  while  hot.  It  shall  then  be 
machined  to  conform  in  shape  to  Fig.  2.  The  width  of  the  specimen 
shown  in  Fig.  2  shall  be  governed  by  the  thickness  of  the  material. 
For  material  J  in.  or  less  in  thickness,  the  width  of  the  narrow  portion 
of  the  test  specimen  shall  be  approximately  1  in. ;  for  material  over  \  in. 
in  thickness,  the  width  shall  be  such  as  to  give  a  cross-section  of  ap- 
proximately \  sq.  in.  in  area,  but  in  no  case  shall  the  width  be  less 
than  the  thickness  of  the  material.  The  drawn  surfaces  shall  not  be 
machined,  but  be  left  in  their  original  condition. 

(d)  The  bend  test  specimen  shall  consist  of  a  strip  not  over  ij  in. 
in  width,  cut  longitudinally  from  the  pipe. 

10.  One  bend  test  shall  be  inade  for  each  2000  lb.  or  less  of  the  Number  of 
finished  product.    For  the  remaining  tests,  a  suflScient  number  of  pipe  ^••**' 
shall  be  taken  at  random  to  constitute  0.5  per  cent  of  the  shipment. 


IV.    DIMENSIONS  AND  PERMISSIBLE  VARIATIONS. 

11.  The  standard  weights  and  dimensions  for  pipe  of  various  out-  sundard 
side  diameters  are  as  follows:  Wtightt. 


Size  of  Outsidb 
Pips.  in.                               Diambtbr.  i 

i 0.405 

} 0.540 

1 0.675 

i 0.840 

1 1.050 

1 1.315 

IJ 1.660 

H 1.900 

2 2.375 

2J 2.875 

3 3.500 

31 4.000 

4 4.500 

4i 5.000 

5 5.563 

6 6.625 

7 7.625 

8 8.625 

9 9.625 

10 10.750 


Nominal  Weight 

Insidb 

Thickness. 

LB.  pBR  rr. 

DiAMRTBR,   IN. 

IN. 

OP   LENGTH. 

0.281 

0.0620 

0.259 

0.375 

0.0825 

0.461 

0.494 

0.0905 

0.643 

0.625 

0. 1075 

0.957 

0.822 

0.1140 

1.30 

1.062 

0. 1265 

1.83 

1.368 

0.1460 

2.69 

1.600 

0.1500 

3.20 

2.062 

0. 1565 

4.23 

2.500 

0. 1875 

6.14 

3.062 

0.2190 

8.75 

3.500 

0.2500 

11.41 

4.000 

0.2500 

12.94 

4.500 

0.2500 

14.46 

5.062 

0. 2505 

16.21 

6.125 

0.2500 

19.41 

7.062 

0.2815 

25.17 

8.000 

0.3125 

31.63 

8.937 

0.3440 

38.88 

10.019 

0.3655 

46.22 
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Permittibie  12.  (a)  No  single  piece  of  pipe  that  exceeds  the  calculated  weight 

Varittioiii.  jjy  more  than  5  per  cent  will  be  accepted.     One  cubic  inch  of  the 

material  is  assumed  to  weigh  0.323  lb. 

(b)  The  weight  of  the  pipe  shall  vary  not  more  than  the  following 

percentages  from  the  weight  specified  in  Section  1 1 :  Pipe  6  in.  or  less 

in  diameter,  5  per  cent;  pipe  from  6  to  8  in.  in  diameter,  7  per  cent; 

pipe  over  8  in.  in  diameter,  8  per  cent. 

V.    WORKMANSHIP  AND  FINISH. 
WorkmAii-  13.  (a)  The  pipe  shall  be  round  and  of  uniform  thickness  through- 

**"**'  out.     They  shall  be  free  from  cracks,  seams,  slivers,  scale  and  other 

surface  defects. 

(6)  The  thickness  at  any  point  shall  not  be  less  than  that  specified 
in  Section  11  by  more  than  the  following  percentages:  Pipe  6  in.  or 


Rejection. 


Inspection. 


y^i 


IX 


K ■•' H 

Pig.  2. 
# 
less  in  diameter,  5  per  cent ;  pipe  from  6  to  8  in.  in  diameter,  7  per  cent ; 
pipe  over  8  in.  in  diameter,  8  per  cent. 

VI.    INSPECTION  AND  REJECTION. 

14.  When  the  pipe  is  finished,  and  ready  for  shipment,  the 
inspector  shall  make  the  tests  to  govern  the  acceptance  of  the  pipe. 
If  any  specimen  fails  to  meet  the  requirements  of  Sections  5  to  8, 
inclusive,  two  additional  specimens  may  be  taken,  each  of  which  shall 
conform  to  the  requirements  specified. 

15.  The  manufacturer  shall  afford  the  inspector,  without  charge, 
all  reasonable  facilities  to  satisfy  him  that  the  pipe  is  being  furnished 
in  accordance  with  these  specifications.  All  tests  (except  check 
analyses)  and  inspection  shall  be  made  at  the  place  of  manufacture 
prior  to  shipment,  unless  otherwise  specified  and  shall  be  so  conducted 
as  not  to  interfere  unnecessarily  with  the  operation  of  the  works. 
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TENTATIVE  SPECIFICATIONS 

FOR 

BRASS.  PIPE,  STANDARD  SIZES.' 

Serial  Designation:  B  43-22  T. 

This  is  a  Tentative  Standard  only,  published  for  the  purpose  of  eliciting  criti- 
cisin  and  suggestions.  It  is  not  a  Standard  of  the  Society  and  until  its  adoption  as 
Standard  it  is  subject  to  revision. 

Issued,  1922. 

1.  These  specifications  cover  seamless  brass  pipe  suitable  for  use  Material 
in  plumbing,  boiler  feed  lines,  etc.  Covered. 

I.    MANUFACTURE. 

2.  The  pipe  shall  be  cold-drawn  to  size.  Proceii. 

3.  (a)  The  pipe  shall  be  annealed  sufficiently  to  enable  it  to  pass  AnneftUng. 
the  physical  tests  herein  specified. 

(6)  All  pipe  shall  be  annealed  sufficiently  to  prevent  cracking. 
Semi-annealed  pipe,  which  is  suitable  tor  ordinary  uses,  shall  be 
furnished  unless  otherwise  specified. 

(c)  When  pipe  is  required  for  bending,  the  purchaser  shall  so 
specify,  in  which  case  the  pipe  shall  be  furnished  fully  annealed. 

II.    CHEMICAL  PROPERTIES  AND   TESTS. 

4.  The  brass  shall  conform  to  the  following  requirements  as  to  chemical 

chemical  composition.  Composition. 

Hot  Pierced  Process.  Cold  Process. 

Copper,  per  cent 59.00-63.00  65.00-68.00 

Lead,  maximum,  per  cent 0. 50  0. 80 

Iron,  maximum,  per  cent 0. 07  0. 07 

Zinc Remainder  Remainder 

5.  The  sample  for  chemical  analysis  shall  consist  of  drillings,  Sampling, 
millings,  or  clippings  taken  from  the  pipes  selected  for  testing  purposes, 

as  specified  in  Section  12,  equal  quantities  being  taken  from  each  pipe 
and  thoroughly  mixed.  Samples  so  prepared  shall  be  divided  into 
three  equal  parts,  each  of  which  shall  be  placed  in  a  sealed  package, 
one  for  the  seller,  one  for  the  purchaser,  and  one  for  an  umpire,  if 
necessary. 

i  Critiinsm<t  nf  these  Tentative  Specifications  are  solicited  and  should  be  directed,  preferably  before 
January  I.  \92.^,  Ut  Mr.  P.  D.  Merica.  Secretary  (jf  Committee  B-2  on  Non-Perrous  Metala  and  Alloyi, 
International  Nickel  Co.,  67  Wall  St..  New  York  City. 

(657) 


Digitized  by 


Google 


658 


Tentative  Specifications  for  Brass  Pipe. 


Hammering 
Test. 


Flattening 
Teat. 

Strain  Teat. 


Threading 
Teat. 
Bending 
Teat. 


Hydroatatic 
Teat. 


Number  of 
Teats. 


III.    PHYSICAL  PROPERTIES  ,  AND  TESTS. 

6.  The  pipe  shall  be  capable  of  withstanding  the  following  test 
without  showing  cracks  or  flaws:  A  piece  cut  from  the  ends  of  the  pipe 
shall  be  hammered  flat  on  different  elements  throughout  its  length 
so  that  a  gage  set  at  3  times  the  thickness  of  the  metal  shall  pass  over 
the  pipe  freely  throughout  the  flattened  part,  except  at  such  points 
where  changes  in  the  elements  of  flattening  take  place. 

7.  A  test  specimen  3  in.  in  length  when  split,  shall  withstand  open- 
ing out  flat  without  showing  cracks  or  flaws. 

8.  A  test  specimen  3  in.  in  length  shall  withstand  an  immersion 
in  an  aqueous  mercurous  nitrate  solution  containing  100  g.  of  mercu- 
rous  nitrate  and  13  cc.  of  nitric  acid  (sp.  gr.  1.42)  per  liter  of  solution 
for  15  minutes,  without  cracking. 

9.  The  pipe  shall  withstand  threading  in  a  satisfactory  manner. 

10.  In  the  case  of  pipe  for  bending,  annealed  full  sections  of  the 
pipe  shall  withstand  being  bent  cold  through  180  deg.  without  cracking 
on  the  outside  of  the  bent  portion  around  a  pin  the  diameter  of  which 
is  ij  times  the  inside  diameter  of  the  pipe.  This  test  shall  be  in 
addition  to  the  tests  specified  in  Sections  6  to  9,  inclusive. 

11.  Each  pipe  shall  withstand,  without  showing  weakness  or 
defects,  an  internal  hydrostatic  pressure  sufficient  to  subject  the  ma- 
terial to  a  fiber  stress  of  7000  lb.  per  sq.  in.,  determined  by  the  formula 
for  thin  hollow  cylinders  under  tension: 

iS 

in  which  P  equals  the  pressure  in  pounds  per  square  inch,  /  equals  the 
thickness  of  wall  in  inches,  D  equals  the  inside  diameter  of  the  pipe 
in  inches,  and  S  equals  the  allowable  unit  stress  of  the  material  = 
7000  lb.  per  sq.  in.  No  pipe  shall  be  tested  beyond  a  pressure  of 
1000  lb.  per  sq.  in.  unless  so  specified. 

12.  A  sufficient  number  of  pipe  shall  be  taken  at  random  to  con- 
stitute 0.5  per  cent  of  the  shipment.  One  flattening,  one  strain,  and 
one  threading  test  shall  be  made  on  each  pipe  so  selected. 
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IV.     DIMENSIONS  AND   PERMISSIBLE  VARIATIONS. 

13.  The  standard  weights  and  dimensions  for  pipe  of  various  out-  sundard 
side  diameters  are  as  follows:  ***"* 


SiZB  or  OUTSIDB 

PiPB,   IN.  DiAMBTRR.   IN. 

i ..        0.405 

i 0.540 

1 0.675 

i 0.840 

1 1.050 

1 1.315 

IJ 1.660 

li 1.900 

2 2.375 

2i 2.875 

3 3.500 

3i 4.000 

4 4.500 

4} 5.000 

5 5.563 

6 6.625 

7 7.625 

8 8.625 

9 9.625 

10 10.750 

14.  (a)  No  single  piece  of  pipe  that  exceeds  the  calculated  weight  p«rmiMibU 
by  more  than  5  per  cent  will  be  accepted.    One  cubic  inch  of  the  Variations, 
material  is  assumed  to  weigh  0.307  lb. 

(b)  The  weight  of  the  pipe  shall  vary  not  more  than  the  following 
percentages  from  the  weight  specified  in  Section  13,  Pipe  6  in.  or 
less  in  diameter,  5  per  cent;  pipe  from  6  to  8  in.  in  diameter,  7  per 
cent;  pipe  over  8  in.  in  diameter,  8  per  cent. 

V.    WORKMANSHIP  AND  FINISH. 

15.  (a)  The  pipe  shall  be  round  and  of  uniform  thickness  through-  workmtn* 
out.    They  shall  be  free  from  cracks,  seams,  slivers,  scale  and  other  •*^p* 
surface  defects. 

(6)  The  thickness  at  any  point  shall  not  be  less  than  that  specified 
in  Section  13  by  more  than  the  following  percentages:  Pipe  6  in.  or 
less  in  diameter,  5  per  cent;  pipe  from  6  to  8  in.  in  diameter,  7  per  cent; 
pipe  over  8  in.  in  diameter,  8  per  cent. 

16.  All  pipes  shall  be  acid  cleaned  after  the  final  annealing.  fUdsh. 


Nominal  Weight. 

Inside 

Thickness. 

LB.   PER   PT. 

Diameter,  in. 

IN. 

OF   LENGTH. 

0.281 

0.0620 

0.246 

0.375 

0.0825 

0.437 

0.494 

0.0905 

0.612 

0.625 

0. 1075 

0.911 

0.822 

0.1140 

1.24 

1.062 

0. 1265 

1.74 

1.368 

0.1460 

2.56 

1.600 

0.1500 

3.04 

2.062 

0. 1565 

4.02 

2.500 

0. 1875 

5.83 

3.062 

0.2190 

8.31 

3.500 

0.2500 

10.85 

4.000 

0.2500 

12.29 

4.500 

0.2500 

13.74 

5.062 

0. 2505 

15.40 

6.125 

0.2500 

18.44 

7.062 

0.2815 

23.92 

8.000 

0.3125 

30.05 

8.937 

0.3440 

36.94 

10.019 

0.3655 

43.91 
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VI.   inspection  and  rejection. 

Rejection,  17^  (a)  When  the  pipe  is  finished,  and  ready  for  shipment,  the 

inspector  shall  make  the  tests  to  govern  the  acceptance  of  the  pipe. 
If  any  specimen  fails  to  meet  the  requirements  of  Sections  6  to  11, 
inclusive,  two  additional  specimens  may  be  taken,  each  of  which  shall 
.conform  to  the  requirements  specified. 

(b)  Pipes  that  show  non-uniform  annealing  under  handling  shall 
be  rejected  from  the  lot. 

inspecUon.  jg.  The  manufacturer  shall  afford  the  inspector,  without  charge, 

all  reasonable  facilities  to  satisfy  him  that  the  pipe  is  being  furnished 
in  accordance  with  these  specifications.  All  tests  (except  check 
analyses)  and  inspection  shall  be  made  at  the  place  of  manufacture 
prior  to  shipment,  unless  otherwise  specified  and  shall  be  so  conducted 
as  not  to  interfere  unnecessarily  with  the  operation  of  the  works. 
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TENTATIVE  SPECIFICATIONS 

FOR 

SEAMLESS  ADMIRALTY  CONDENSER  TUBES  AND 

FERRULE  S10CK.1 

Serial  Designation:  B  44-22  T. 

This  is  a  Tentative  Standard  only,  published  for  the  purpose  of  eliciting  criti- 
cism and  suggestions.  It  is  not  a  Standard  of  the  Society  and  until  its  adoption  as 
Standard  it  is  subject  to  revision. 

Issued,  1922. 

1.  These  specifications  cover  seamless  tubes  and  ferrule  stock  Materiti 
made  from  Admiralty  alloy  for  condenser  use.  Covered. 

I.    MANUFACTURE. 

2.  The  tubes  shall  be  cold-drawn  to  size.  Procesi. 

3.  (a)  Condenser  tubes  shall  be  annealed  sufficiently  to  enable  Annealing, 
the  tubes  to  pass  the  physical  and  metallographic  tests  herein  specified. 

(6)  Tubes  for  ferrule  stock  shall  be  sufficiently  annealed  to  prevent 
cracking,  but  they  need  not  be  held  within  the  close  limits  prescribed 
for  condenser  tubes. 

II.  CHEMICAL  PROPERTIES  AND  TESTS. 

4.  The  material  shall  conform  to  the  following  requirements  as  Chemical 
to  chemical  composition  (Note  l):  .    Composition. 

Copper,  minimum,  per  cent 70. 00 

Tin,  minimum,  per  cent 0. 90 

Lead,  maximum,  per  cent 0. 075 

Iron,  maximum,  per  cent 0. 06 

Zinc Remainder 

5.  The  sample  for  chemical  analysis  shall  consist  of  drillings,  sampling, 
millings,  or  clippings  taken  from  at  least  three  separate  tubes  from  each 

lot  of  600  tubes  or  less,  equal  quantities  being  taken  from  each  tube 
and  thoroughly  mixed.  Samples  so  prepared  shall  be  divided  into 
three  equal  parts  each  of  which  shall  be  placed  in  a  sealed  package,  one 
for  the  seller,  one  for  the  purchaser,  and  one  for  an  umpire,  if  necessary. 

III.  PHYSICAL  PROPERTIES  AND  TESTS. 

6.  (a)  A  microscopic  examination  of  the  tubes  shall  show  sufficient  Microacopic 
annealing  for  complete  recrystallization  with  a  uniform  grain  size  not  K"™*"**^*®"- 

»  Criticisinii  of  these  Tentative  Specifications  are  solicited  and  should  be  directed,  preferably  before 
January  1,  192.^,  to  Mr.  P.  D.  Merica,  Secretary  of  Committee  B-2  on  Non-Ferrous  Metals  and  AUoya» 
Istematioaal  Nickel  Co..  67  Wall  St.,  New  York  City. 
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Hammering 

TMt. 


Eipanding 
Test. 


Strain 
Test. 


Hydrostatic 
Test. 


Number  of 
Tests. 


Thickness. 


Length. 
Weight. 


Workman- 
ship. 


Finish. 


in  excess  of  0.045  mm.  in  average  diameter,  the  grain  size  approaching 
as  closely  as  possible  a  mean  diameter  of  between  0.015  and  0.035  mm. 
(Note  2). 

(b)  The  examination  of  specimens  for  the  determination  of  grain 
size  shall  be  made  at  a  magnification  of  75  diameters. 

7.  The  tubes  shall  be  capable  of  withstanding  the  following  test 
without  shpwing  cracks  or  flaws:  A  piece  cut  from  the  ends  of  the  tube 
shall  be  hammered  flat  on  different  elements  throughout  its  length  so 
that  a  gage  set  at  3  times  the  thickness  of  the  metal  shall  pass  over  the 
tube  freely  throughout  the  flattened  part,  except  at  such  points  where 
changes  in  the  elements  of  flattening  take  place. 

8.  The  tubes  shall  be  capable  of  withstanding  the  following  test 
without  showing  signs  of  cracking  or  rupture:  a  pin  having  a  taper  of 
li  in.  per  ft.  shall  be  driven  into  the  tube  until  the  diameter  has  been 
increased  16  f  per  cent. 

9.  A  test  specimen  3  in.  in  length  shall  withstand  an  immersion  in 
an  aqueous  mercurous  nitrate  solution  containing  100  g.  of  mercurous 
nitrate  and  13  cc.  of  nitric  acid  (sp.  gr.  1.42)  per  liter  of  solution  for  15 
minutes,  without  cracking  (Note  3). 

10.  All  tubes  shall  withstand  an  internal  hydrostatic  pressure  of 
1000  lb.  per  sq.  in.  without  leakage  and  shall  show  no  sign  of  strain  or 
cracking  (Note  4). 

11.  Tubes  shall  be  grouped  into  lots  of  600  tubes  or  less.  Two 
tubes  shall  be  selected  from  each  lot  and  subjected  to  the  physical 
tests  specified  in  Sections  6  to  9,  inclusive. 

IV.    PERMISSIBLE  VARIATIONS  IN   DIMENSIONS. 

12.  (a)  No  tube  at  its  thinnest  point  shall  be  less  than  the 
thickness  specified. 

(b)  For  finished  tubes  having  a  specified  thickness  of  0.035  to  0.049 
in.,  the  thickness  shall  not  exceed  that  specified  by  more  than  0.005  in. 
For  tubes  having  a  specified  thickness  of  0.065  to  0.083  in.,  the 
thickness  shall  not  exceed  that  specified  by  more  than  0.007  in. 

13.  The  length  shall  not  be  less  but  may  be  t^  in.  more  than  that 
ordered  when  measured  at  a  temperature  of  70°  F. 

14.  No  single  tube  that  exceeds  the  calculated  weight  by  more 
than  5  per  cent  will  be  accepted.  One  cubic  inch  of  the  material 
is  assumed  to  weigh  0.308  lb. 

v.    WORKMANSHIP  AND  FINISH. 

15.  The  tubes  shall  be  round  and  of  uniform  thickness  throughout. 
They  shall  be  free  from  cracks,  seams,  slivers,  scale  and  other  surface 
defects  both  inside  and  out. 

16.  All  tubes  shall  be  acid  cleaned  after  the  final  anneaUng. 
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VI.    INSPECTION  AND  REJECTION. 

17.  If  any  test  specimen  representing  a  lot  fails  to  meet  the  H©j«ctioii. 
requirements  of  Section  4  and  Sections  6  to  9,  inclusive,  two  additional 
specimens,  at  the  option  of  the  manufacturer,  may  be  taken  as  before 

and  submitted  for  check  analysis  or  subjected  to  any  tests  in  which  the 
original  specimen  failed,  but  each  of  these  specimens  shall  conform 
to  the  requirements  specified. 

18.  The  manufacturer  shall  afford  the  inspector,  without  charge,  impection. 
all  reasonable  facilities  to  satisfy  him  that  the  tubes  are  being  furnished 

in  accordance  with  these  specifications.  All  tests  (except  check 
analyses)  and  inspection  shall  be  made  at  the  place  of  manufacture 
prior  to  shipment,  unless  otherwise  specified,  and  shall  be  so  conducted 
as  not  to  interfere  unnecessarily  with  the  operation  of  the  works. 


Explanatory  Notes. 

Note  1 . — ^The  ideal  composition  for  Admiralty  metal  is  70  per  cent  of  copper, 
29  per  cent  of  zinc,  1  per  cent  of  tin,  and  better  tubes  will  be  obtained  by  adhering 
as  closely  as  possible  to  this  composition,  particularly  as  to  tin.  It  does  not, 
therefore,  seem  wise  to  make  1  per  cent  of  tin  the  minimum  but  rather  in  order 
to  obtain  as  nearly  1  per  cent  as  possible  to  allow  some  variation  under  1  per 
cent  and  make  the  minimum  limit  for  tin  0.90  per  cent. 

Note  2. — ^The  so-called  "  Compression  Test "  requiring  that  tubes  of  varying 
sizes  and  thicknesses  should  be  subjected  to  certain  arbitrary  pressures  without 
more  than  0.005  in.  permanent  deformation  has  not  been  included  because  the 
elastic  limit  of  the  tube  under  compression  is  a  function  of  the  temperature  at 
which  it  receives  its  final  heat  treatment  and  the  metallographic  examination 
sufficiently  determines  the  temper  of  the  tube  to  decide  whether  it  may  be 
properly  packed  in  the  condenser  head. 

Note  3. — ^Since  the  specification  requires  that  the  tubes  shall  be  annealed 
sufficiently  to  establish  crystallin  equilibrium  and  show  a  grain  size  within 
certain  definite  limits,  it  would  seem  that  a  test  for  internal  strains  might  be 
unnecessary.  The  mercurous  nitrate  test  has  been  included,  however,  to  guard 
against  the  hardening  of  tubes  by  light  drawing  operations  which  would  not 
deform  the  crystals  to  an  extent  recognizable  by  microscopic  examination. 

Note  4. — Provision  is  made  for  the  testing  of  each  tube  separately  to 
1000  lb.  per  sq.  in.  hydrostatic  pressure  in  order  to  develop  and  make  evident 
fractures  or  punctures  which  may  have  occurred  in  the  process  of  manufacture. 
This  is  a  100  per  cent  test  and  it  is  not  necessary  to  again  test  all  the  tubes 
by  subjecting  them  to  80  lb.  per  sq.  in.  pneumatic  pressure  while  immersed  in 
water.  Both  of  these  tests  are  made  to  detect  the  same  kind  of  faults  and 
either  if  carried  out  according  to  the  intent  of  the  specifications  should  be 
sufficient.  The  1000-lb.  hydrostatic  pressure  test  is  the  more  searching  and 
has  been  specified.  The  multiplication  of  tests  to  determine  the  same  facts 
under  the  plea  that  there  may  be  carelessness  in  applying  one  or  another  should 
not  be  encouraged. 
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TENTATIVE  METHODS  OF  CHEMICAL  ANALYSIS 

OF 
BRASS  INGOTS  AND  SAND   CASTINGS.* 

Serial  Designation:  B  45  -  22  T. 

This  is  a  Tentative  Standard  only,  published  for  the  purpose  of  eliciting  criti- 
cism and  suggestions.  It  is  not  a  Standard  of  the  Society  and  until  its  adoption  as 
Standard  it  is  subject  to  revision. 

Issued,  1922 

In  the  alloys  containing  the  higher  amounts  of  zinc  this  element 
is  taken  by  difference.  For  determination  of  smaller  amounts  of 
zinc,  see  the  Tentative  Methods  of  Chemical  Analysis  of  Bronze 
Bearing  Metal  (Serial  Designation:  B  46-22  T)  of  the  American 
Society  for  Testing  Materials.* 

DETERMINATION   OF  COPPER 

BY  THE 

ELECTROLYTIC   METHOD. 


Apparatus  for  Electrolysis. 

Electrodes. — The  electrodes  recommended  are  of  the  stationary 
and  not  of  the  rotating  t5T)e,  as  the  stationary  require  less  of  the 
operator's  time  and  there  is  less  chance  for  erroneous  results  to  be 
obtained  than  with  the  other  kind.  Rapid  and  accurate  results  are 
obtained  with  stationary  electrodes  made  from  platinum  gauze. 

Cathodes. — Platinum  cathodes  may  be  formed  either  from  plain 
or  perforated  sheets,  or  from  wire  gauze,  and  may  be  either  open  or 
closed  cylinders.  They,  should  give  a  depositing  surface,  counting 
both  sides,  of  approximately  100  sq.  cm.  Gauze  cathodes  are  recom- 
mended, and  are  best  made  from  gauze  containing  approximately 
400  meshes  per  sq.  cm.  (30  meshes  per  linear  inch).  The  cathode 
should  be  stiffened  by  doubling  the  gauze  for  about  3  mm.  at  the  top 
and  at  the  bottom  of  the  cylinder.    The  cylinder  should  be  approxi- 

1  Criticisms  of  these  Tentative  Methods  are  solicited  and  should  be  directed,  preferably  before 
January  1,  1923,  to  Mr.  P.  D.  Merica,  Secretary  of  Committee  B-2  on  Non-Ferroua  Metals  and  AUoji. 
International  Nickel  Co..  67  Wall  St..  New  York  City. 
>S«e  p.  674. 
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mately  30  mm.  in  diameter  and  30  mm.  in  height.  The  stem  should 
be  made  from  1.14-mm.  or  1.29-mm.  wire,  flattened  and  welded  the 
entire  width  of  the  gauze;  the  height  over  all  should  be  approximately 
130  mm.,  and  the  gauze  should  be  sand  blasted. 

Anodes. — Platinum  anodes  may  be  of  the  spiral  type  when  used 
in  the  determination  of  copper  by  electrolysis,  or  in  the  electrolytic 
determination  of  lead  when  it  is  present  in  amounts  not  over  0.2  per 
cent.  When  used  in  the  electrolytic  determination  of  copper  and  lead 
together  in  samples  containing  0.2  per  cent  of  lead  or  over,  the  anodes 
should  be  of  wire  gauze.  Spiral  anodes  should  be  m^de  from  1.02-mm. 
or  1.14-mm.  wire  formed  into  a  spiral  of  7  turns  having  a  height  of 
approximately  51  mm.  and  a  diameter  of  16  mm.,  the  length  over  all 
being  approximately  145  mm.  Platinum  gauze  used  in  making  anodes 
should  contain  approximately  400  meshes  per  sq.  cm.  (50  meshes  per 
linear  inch).  The  gauze  should  be  formed  into  closed  cylinders 
approximately  12  nmi.  in  diameter  and  30  mm.  in  height.  The 
cylinders  should  be  stiffened  by  doubling  the  gauze  for  about  3  mm. 
at  the  top  and  at  the  bottom.  The  stem  should  be  made  from  1.02- 
mm.  or  1.29-mm.  wire,  flattened  and  welded  the  entire  width  of  the 
gauze;  the  height  over  all  should  be  approximately  130  nmi.,  and  the 
gauze  should  be  sand  blasted. 

Method. 

In  a  150-cc.  beaker,  dissolve  1  g.  of  brass  in  10  cc.  of  HNOs 
(sp.  gr.  1.42).  When  the  action  has  ceased,  evaporate  the  solution  to 
dryness,  and  bake  thoroughly  on  the  edge  of  a  hot  plate.  Moisten 
thoroughly  with  HNOs  (sp.  gr.  1.42),  and  after  digesting  for  a  short 
time  dilute  to  50  cc.  with  hot  distilled  water,  heat  to  boiling,  and  allow 
to  stand  and  settle  for  about  one  hour,  keeping  the  temperature  just 
below  the  boiling  point.  Filter  on  double  7-cm.  papers,  keeping  the 
solution  hot,  and  receive  the  filtrate  in  a  200-cc.  electrolysis  beaker. 
Wash  with  boiling  hot  water.  Add  to  the  filtrate  5  cc.  of  H2SO4  (sp. 
gr.  1.84),  and  evaporate  until  copious  fumes  of  H2SO4  are  evolved. 
Dilute  to  about  100  cc.  with  distilled  water,  add  1.5  cc.  of  HNO3  (sp.  gr. 
1.42),  insert  electrodes,  cover  with  a  pair  of  split  watch  glasses  and 
electrolyze.  For  each  solution  use  a  current  over  night  of  0.5  ampere 
at  approximately  10  volts,  or  else  use  a  current  of  4  amperes  at 
approximately  10  volts  continued  for  about  2§  hours.  The  latter 
case  requires  the  use  of  gauze  cathodes.  When  the  solution  is  color- 
less, wash  down  the  cover  glasses,  electrodes,  and  sides  of  the  beaker, 
raising  the  level  of  the  liquid  slightly,  and  continue  the  electrolysis 
about  15  minutes,  noting  whether  or  not  copper  is  deposited  on  the 
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newly  exposed  surface  of  the  platinum.  If  no  copper  appears,  transfer 
about  1  cc.  of  the  colorless  solution  to  the  cavity  of  a  porcelain  test 
plate,  and  add  a  few  drops  of  fresh  HjS  water.  If  the  slightest  dis- 
coloration occurs,  continue  the  electrolysis,  repeating  the  test.  Re- 
move the  cathode  quickly,  rinse  it  in  distilled  water  and  then  dip  it  in 
two  successive  baths  of  alcohol.  Shake  oflF  the  excess  alcohol  and 
ignite  the  remainder  by  bringing  it  to  the  flame  of  an  alcohol  lamp. 
Keep  the  cathode  moving  continually  as  the  alcohol  bums.  Weigh 
as  metallic  copper. 

Accuracy. — Duplicate  determinations  should  check  within  0.10 
per  cent  of  copper. 

Notes. 

In  alloys  of  this  type  which  carry  considerable  iron,  it  is  impossible  to  remove  the 
tin  quantitatively  as  meta-stannic  acid  (HtSnOs),  notwithstanding  the  preliminary 
baking.  Upon  testing  (by  the  addition  of  HjS  water),  the  liquid  in  the  pits  of  the 
test  plate  may  be  colored  yellow,  due  to  the  tin  present,  but  there  should  be  no 
darkening  due  to  the  presence  of  copper.  If  the  cathode  appears  dark,  as  though  tin 
had  been  deposited  on  it,  dissolve  the  coating  in  10  cc.  of  HNOi  (sp.  gr.  1.42),  filter 
off  the  tin  as  before,  add  to  the  filtrate  5  cc.  of  HsSOi  (sp.  gr.  1.84),  and  redeposit 
the  copper  by  electrolysis.     It  is  rslrely  necessary  thus  to  purify  the  deposited  copper. 

A  slight  amount  of  copper  is  retained  by  the  meta-stannic  add  (HjSnOa), 
which  should  be  recovered  in  very  accurate  work  but  is  generally  neglected  in  routine 
analysis. 

DETERMINATION  ,0F  LEAD 

BY  THE 

ELECTROLYTIC  METHOD. 


In  a  250-cc.  beaker,  dissolve  1  g.  of  brass  in  25  cc.  of  HNOs 
(sp.  gr.  1.42).  Allow  the  solution  to  bake  dry  on  the  edge  of  ^  hot 
plate  or  by  standing  over  night  on  the  steam-bath.  Add  17  cc.  of 
HNOs  (sp.  gr.  1.42),  and  after  digesting  for  a  short  time,  add  85  cc. 
of  hot  water  and  heat  to  boiling  for  a  few  minutes.  Allow  the  solution 
to  stand  for  several  hours  at  a  temperature  just  below  the  boiling 
point.  Filter  off  the  precipitated  HaSnOs  on  double  closely  woven 
filter  papers,  being  careful  to  keep  the  solution  hot  throughout  the 
process  of  filtration.  Wash  with  boiling  water.  Receive  the  com- 
bined filtrate  and  washings  in  a  250-cc.  beaker.  Dilute  to  about  150 
cc.  with  distilled  water  and  insert  electrodes.  In  the  positive  terminal 
use  a  sand-blasted  platinum  gauze  electrode  such  as  is  used  for  the 
cathode  in  the  '* Determination  of  Copper  by  the  Electrolytic  Method"; 
in  the  negative  terminal  insert  an  electrode  such  as  is  used  for  the 
anode  in  the  ''Determination  of  Copper  by  the  Electrolytic  Method" 
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Cover  with  a  pair  of  split  watch  glasses  and  electrolyze.  For  each 
solution  use  a  current  of  1.25  to  1.5  amperes  at  10  volts  continued 
for  about  one  hour.  Wash  down  the  cover  glasses,  electrodes  and 
sides  of  the  beaker,  raising  the  level  of  the  liquid  sUghtly,  and  con- 
tinue the  electrolysis  for  15  minutes.  If  no  darkening  of  the  newly 
exposed  surface  of  the  platinum  can  be  detected  the  lead  has  been 
entirely  deposited.  Continue  the  electrolysis  until  no  darkening  of 
the  platinum  can  be  detected  when  the  current  has  been  passed  for 
15  minutes  after  the  level  of  the  liquid  has  been  raised. 

When  the  lead  has  been  entirely  deposited,  remove  the  anode 
quickly,  rinse  it  in  distilled  water  and  then  in  alcohol,  and  dry  it  at 
210°  C.  for  30  minutes.  Weigh  as  PbOj,  using  for  lead  0.8643  instead 
of  the  theoretical  value. 

Accuracy. — ^Duplicate  determinations  should  check  within  0.01 
per  cent  of  lead.  Results  obtained  by  this  method  are  likely  to  be 
about  0.01  per  cent  too  high.  For  exceptionally  accurate  or  investi- 
gation work  redissolve  the  coating  from  the  electrode  and  determine 
the  lead  as  sulfate.  See  the  "Determination  of  Lead  as  Sulfate 
(Optional).'' 

Notes. 

It  is  impossible  to  remove  the  tin  quantitatively  as  HjSnOs  in  the  case  of  alloys 
containing  over  0.25  per  cent  of  iron,  and  traces  of  tin  are  sometimes  found  in  the 
PbOj  deposit. 

In  this  and  in  the  following  method,  a  slight  amount  of  lead  may  be  retained  by 
the  HtSnOs.  This  should  be  recovered  in  very  accurate  work,  but  is  neglected  in  a 
routine  analysis. 

DETERMINATION   OP  LEAD 

AS 

SULFATE. 
(Optional.) 


Solutions  Required. 

''Lead  i4ad."— Mix  300  cc.  of  H2SO4  (sp.  gr.  1.84)  and  1800  cc.  of 
distilled  water.  Dissolve  1  g.  of  lead  acetate,  c.  p.,  in  300  cc.  of  dis- 
tilled water  and  add  this  to  the  hot  solution,  stirring  meanwhile. 
Let  stand  at  least  24  hours  and  syphon  through  a  thick  asbestos  filter. 

Dilute  Alcohol  for  Washing, — Mix  equal  parts  of  denatured  alcohol 
and  distilled  water. 

Method. 
In  a  250-cc.  beaker,  dissolve  1  g.  of  brass  in  25  cc.  of  HNOs 
(sp.  gr.  1.42).    Allow  the  solution  to  bake  dry  on  the  edge  of  a  hot 
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plate,  or  by  standing  over  night  on  the  steam  bath.  Add  17  cc.  of 
HNOj  (sp.  gr.  1.42),  and  after  digesting  for  a  short  time,  add  85  cc. 
of  hot  water  and  heat  to  boiling  for  a  few  minutes.  Allow  the  solution 
to  stand  for  several  hours  at  a  temperature  just  below  the  boiling  point 
Filter  ofl  the  precipitated  H2Sn08  on  double  closely  woven  filter  papers, 
being  careful  to  keep  the  solution  hot  throughout  the  process  of  filtra- 
tion. Wash  with  boiling  hot  water.  To  the  combined  filtrate  and 
washings,  add  40  cc.  of  lead  acid,  and  evaporate  until  copious  fumes 
of  H2SO4  are  evolved.  Cool,  add  35  cc.  of  distilled  water  to  dissolve 
the  salts  and  to  make  the  acid  concentration  the  same  as  in  lead-acid, 
heat  to  boiling,  and  allow  to  cool  and  settle  for  5  hours,  or  over  night 
if  convenient.  Filter  on  a  weighed  porcelain  Gooch  crucible  and  wash 
with  lead  acid.  Wash  out  the  lead  acid  with  dilute  alcohol,  set  the 
Gooch  crucible  inside  a  porcelain  crucible,  dry  and  ignite  for  5  minutes 
at  the  full  heat  of  a  Tirrill  burner,  cool  and  weigh  as  PbS04,  which 
contains  68.29  per  cent  of  lead. 

Accuracy. — Duplicate  determinations  should  check  within  0.01  per 
cent  of  lead.  Results  obtained  by  this  method  are  likely  to  be  about 
0.01  per  cent  too  low. 

Note. 
It  is  impossible  to  remove  the  tin  quantitatively  as  HiSnOi  in  the  case  of  alloys 
containing  over  0.25  per  cent  of  iron,  but  by  the  preliminary  baking  and  long  standing, 
most  of  the  HsSnOi  is  precipitated. 

DETERMINATION   OP  COPPER  AND   LEAD   SIMULTANEOUSLY 

BY  THE 

ELECTROLYTIC   METHOD. 


Method. 


In  a  150-cc.  beaker,  dissolve  1  g.  of  brass  in  10  cc.  of  HNOi 
(sp.  gr.  1.42).  When  the  action  has  ceased,  evaporate  the  solution  to 
dryness,  and  bake  thoroughly  on  the  edge  of  a  hot  plate.  Add  10  cc. 
of  HNOj  (sp.  gr.  1.42),  and  after  digesting  for  a  short  time  add  50  cc. 
of  hot  distilled  water,  heat  to  boiling,  and  allow  to  stand  and  settle  for 
about  one  hour,  keeping  the  temperature  just  below  the  boiling  point. 
Filter  on  double  7-cm.  filter  paper,  keeping  the  solution  hot,  and  receive 
the  filtrate  in  a  200-cc.  electrolysis  beaker.  Wash  with  boiling  water, 
dilute  to  about  100  cc.  and  insert  electrodes.  In  the  positive  terminal 
insert  one  of  the  platinum  gauze  anodes  previously  described,  and  in 
the  negative  terminal  insert  a  platinum  gauze  cathode.  Cover  with  a 
pair  of  split  watch  glasses  and  electrolyze,  using  a  current  of  from  3  to 
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5  amperes  at  approximately  10  volts  for  each  solution.  After  about 
45  minutes,  the  lead  will  have  been  entirely  deposited  on  the  anode  as 
Pb02;  without  interrupting  the  current  add  to  the  electrolyte  3  to  4 
cc.  of  H2SO4  (sp.  gr.  1.84),  and  continue  the  electrolysis.  When  the 
solution  is  colorless,  wash  down  the  cover  glasses,  electrodes  and 
sides  of  the  beaker,  raising  the  level  of  the  liquid  slightly,  and  continue 
the  passage  of  the  current  for  about  15  minutes,  noting  whether  or  not 
copper  is  deposited  on  the  jiewly  exposed  surface  of  the  platinum.  If 
no  copper  appears,  transfer  about  1  cc.  of  the  colorless  solution  to  the 
cavity  of  a  porcelain  test  plate,  and  add  a  few  drops  of  fresh  H2S 
water.  If  the  slightest  discoloration  occurs,  continue  the  electrolysis 
until  there  is  no  discoloration  whatever  upon  repeating  the  test. 
Remove  the  solution  from  the  electrodes  quickly  without  interrupting 
the  current.  Rinse  the  electrodes  in  distilled  water  and  then  dip 
them  in  two  successive  baths  of  alcohol.  Dry  the  anode  at  210°  C. 
for  30  minutes.  Weigh  as  Pb02,  using  the  factor  for  lead  0.8643 
instead  of  the  theoretical  value.  Shake  off  the  excess  alcohol  from  the 
cathode  and  ignite  the  remainder  by  bringing  it  to  the  flame  of  an 
alcohol  lamp.  Keep  the  cathode  moving  continually  while  the  alcohol 
bums.     Weigh  as  metallic  copper. 

Accuracy. — Duplicate  copper  determinations  should  check  within 
0.10  per  cent  of  copper.  Duplicate  lead  determinations  should  check 
within  0.02  per  cent  of  lead.  Lead  results  obtained  by  this  method 
are  likely  to  be  about  0.01  per  cent  too  high.  See  notes  under  the 
"  Determination  of  Lead  by  the  Electrolytic  Method.'' 

DETERMINATION   OF   TIN. 


Solutions  Required. 

Dilute  Hydrochloric  Acid,— Mix  500  cc.  of  HCl  (sp.  gr.  1.20) 
and  500  cc.  of  distilled  water. 

Dilute  Sulfuric  Acid.—M)x  300  cc.  of  H2SO4  (sp.  gr.  1.84)  and  600 
cc.  of  distilled  water. 

Dilute  Ammonia, — Mix  100  cc.  of  NH4OH  (sp.  gr.  0.90)  and  900 
cc.  of  distilled  water. 

Ammonium  Acetate  Solution  for  Washing, — Dissolve  10  g.  of 
ammonium  acetate  in  300  cc.  of  distilled  water.  Make  slightly  acid 
with  acetic  acid  and  saturate  with  H2S  gas. 

Method. 
In  a  150-cc.  beaker,  dissolve  1  g.  of  brass  in  a  mixture  of  10  cc.  of 
HCl  (sp.  gr.  1.20)  and  5  cc.  of  HNO3  (sp.  gr.  1.42).     Dilute  to  about 
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75  cc.  with  distilled  water.  Add  NH4OH  (sp.  gr.  0.90)  until  the  basic 
salts  of  copper  have  dissolved  and  the  solution  has  become  a  deep  blue. 
Boil  and  allow  to  settle  and  filter  on  a  closely  woven  filter  paper. 
Wash  with  dilute  ammonia  and  with  hot  water.  t)issolve  the  pre- 
cipitate on  the  filter  with  hot  dilute  HCl.  Dilute  the  solution  to 
about  100  cc.  Add  NH4OH  (sp.  gr.  0.90)  until  a  permanent  precipitate 
forms.  Heat  the  solution  to  boiling,  allow  to  settle,  filter  and  wash 
as  before.  Dissolve  the  precipitate  on  the  filter  with  boiling  hot  dilute 
H2S04,  washing  the  paper  very  thoroughly  with  this  acid.  Add 
NH4OH  (sp.  gr.  0.90)  cautiously  until  the  precipitate  which  forms 
at  first  dissolves  rather  slowly.  Allow  the  solution  to  stand  for  some 
hours  and  if  any  lead  sulfate  forms  filter  it  oflF.  Dilute  the  solution  to 
about  200  cc.  and  saturate  it  with  HiS  gas.  Filter  the  precipitated  tin 
sulfide  of!  on  double  papers  and  wash  with  ammonium  acetate  solution, 
retaining  the  filtrate  and  washings  for  the  iron  determination.  Dry 
the  precipitate  and  place  it  with  the  papers  in  a  porcelain  crucible 
which  projects  part  way  through  a  hole  in  a  piece  of  asbestos  board. 
Heat  slowly  until  any  free  sulfur  has  been  driven  off,  but  without  allow- 
ing the  sulfur  to  burn.  When  the  sulfur  has  been  expelled,  place  the 
crucible  on  a  triangle  and  ignite  slowly  at  first  and  finally  at  the  full 
heat  of  the  burner.  If  the  precipitate  weighs  more  than  20  mg., 
heat  to  constant  weight,  using  a  blast  lamp.  Weigh  as  Sn02,  which 
contains  78.81  per  cent  of  tin. 

Accuracy. — ^Duplicate  determinations  should  check  within  0.06 
per  cent  of  tin. 

Notes. 

If,  during  ignition,  the  sulfur  is  allowed  to  burn,  some  tin  sulfate  may  be  formed, 
causing  high  results.  On  the  other  hand,  low  results  may  be  caused  by  too  high  heat, 
which  causes  spattering  and  volatilizes  some  tin  sulfide. 

Tin  and  iron  are  best  determined  on  the  same  sample,  retaining  the  filtrate 
from  the  tin  sulfide  precipitate  to  use  for  the  iron  determination. 

DETERMINATION  OF  IRON. 


Solutions  Required. 

See  ''Determination  of  Tin. " 

Dilute  Sulfuric  Acid  for  Reductor, — Mix  50  cc.  of  HsS04  (sp.  gr. 
1 .84)  and  1000  cc.  of  distilled  water.    This  solution  is  used  boiling  hot. 

Potassium  Permanganate. — ^Dissolve  0.2  g.  of  KMn04  in  water, 
filter  through  asbestos,  and  dilute  to  1000  cc.  with  distilled  water. 
Standardize  against  0.020-g.  portions  of  pure  sodium  oxalate.  Each 
cubic  centimeter  is  equivalent  to  approximately  0.00033  g.  of  iron. 


Digitized  by 


Google 


Serial  Designation:  B  45-22  T.  671 

Method. 

Proceed  exactly  as  in  the  "Determination  of  Tin"  through  the 
filtration  and  washing  of  the  precipitated  tin  sulfide.  Combine  the 
filtrate  and  washings  from  the  tin  sulfide  precipitate  and  boil  until  all 
HjS  is  expelled.  Add  HNOs  (sp.  gr.  1.42)  until  the  iron  is  oxidized, 
which  is  ^own  by  the  solution  becoming  clear  and  of  a  yellowish  color. 
Add  about  5  g.  of  NH4CI,  then  >fH40H  (sp.  gr.  0.90)  until  a  per- 
manent precipitate  forms.  Boil,  allow  to  settle,  filter  on  a  loosely 
woven  filter  paper  and  wash  with  dilute  anmionia  and  with  hot  water. 
Dissolve  the  precipitate  on  the  paper  with  hot  dilute  HCl  and  add 
NH4OH  (sp.  gr.  0.90)  to  the  solution  again  until  a  permanent  ^  re- 
cipitate  forms.  Boil,  allow  to  settle,  filter  on  a  loosely  woven  filter 
paper,  and  wash  with  dilute  ammonia  and  with  hot  water  until  all 
NH4CI  is  removed.  Dissolve  the  precipitate  and  wash  the  filter 
paper  with  100  cc.  of  dilute  H»S04  fbr  reductor.  Pass  the  solution 
through  a  Jones  reductor,  wash  first  with  150  cc.  of  the  HjS04  for 
reductor  and  then  with  100  cc.  of  distilled  water.  Titrate  with  the 
standard  KMn04  Solution. 

Auuracy. — ^Duplicate  determinations  should  check  within  0.03 
per  cent  of  iron. 

Notes. 

A  blank  determination  should  be  made  on  corresponding  amounts  of  add  and 
water  passed  through  the  reductor  and  the  results  should  be  corrected  accordingly. 
About  0.5  cc.  of  the  permanganate  will  be  required  to  give  a  permanent  coloration 
to  the  solution. 

A  small  quantity  of  liquid  should  always  be  left  in  the  reductor  funnel,  and  air 
should  never  be  allowed  to  enter  the  body  of  the  reductor. 

For  a  description  and  further  details  of  use  of  reductor  see  "  The  Chemical  Analy- 
sis of  Iron"  by  A.  A.  Blair,  or  "Quantitative  Chemical  Analysis"  by  H.  P.  Talbot. 


DETERMINATION  OP  ANTIMONY 

BY  THB 

VOLUMETRIC  METHOD. 


Solutions  Required. 

Potassium  Permanganate. — ^Dissolve  0.3  g.  of  potassium  per- 
manganate in  1000  cc.  of  distilled  water.  Standardize  by  dissolving 
25  mg.  of  pure  antimony  in  15  cc.  of  boiling  sulfuric  acid  and  pro- 
ceed according  to  the  method  from  this  point. 
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Method. 

In  a  250-cc.  beaker  dissolve  5  g.  of  brass  in  25  cc.  of  HNOa  (sp.  gr. 
1.42).  When  the  action  has  ceased,  boil  until  the  oxides  of  nitrogen 
are  expelled,  add  125  cc.  of  boiling  water  and  allow  to  stand  and 
settle  for  one  hour  or  longer,  keeping  the  temperature  just  below  the 
boiling  point.  Filter  on  double  9-cin.  closely  woven  papers,  keeping 
the  solution  hot.    Wash  with  boiling  water.    Discard  the  filtrate. 

Transfer  the  papers  containing  the  tin  and  antimony  to  a  350-cc. 
Erlenmeyer  flask  and  add  25  cc.  of  HNO3  (sp.  gr.  1.42),  5  g.  of  am- 
monium persulfate,  and  15  cc.  of  H2SO4  (sp.  gr.  1.84).  Boil  to  strong 
fumes  of  SO3.  If  the  solution  is  brown,  cool  and  add  5  cc.  of  HNO3 
(sp.  gr.  1.42)  and  a  little  more  (l  g.  or  less)  persulfate,  if  necessary, 
and  boil  again  to  strong  fumes  of  SOs.  When  the  solution  is  colorless, 
cool,  add  20  cc.  of  distilled  water,  20  cc.  of  HCl  (sp.  gr.  1.20)  and  1  g. 
of  sodium  sulfite.  Boil  gently  for  10  minutes  to  expel  SO2  completely. 
Dilute  with  200  cc.  of  distilled  water  and  cool  to  10  to  12*^  C.  in  ice 
or  under  running  water. 

Titrate  with  standard  permanganate  solution  until  the  s^pearance 
of  a  decided  pink  color. 

Notes. 

1.  In  alloys  containing  a  large  excess  of  tin,  the  antimony  is  precipitated 
quantitatively  with  the  meta-stannic  acid. 

2.  Ammonium  persulfate  and  nitric  acid  are  used  to  destroy  the  filter  paper, 
and  subsequent  boiling  with  sulfuric  acid  effects  the  solution  of  the  tin  and  antimony. 
A  mixture  of  fuming  nitric  and  su  furic  acids  might  be  used  to  accomplish  the  same 
results,  but  the  persulfate  mixture  is  much  more  efficient. 

3.  If  the  solution  becomes  cool  during  the  first  filtration  some  of  the  meta-stannic 
acid  may  dissolve. 

4.  If  arsenic  is  present,  correction  should  be  made  for  it. 

DETERMINATION   OF  SULFUR. 


Method. 
Weigh  out  four  5-g.  samples  of  brass  into  250-cc.  beakers.  Dis- 
solve each  in  25  cc.  of  HNO3  (sp.  gr.  1.42)  and  boil  until  the  disap- 
pearance of  red  fumes.  Add  125  cc.  of  boiling  water  and  settle  for 
one  hour  or  longer,  keeping  the  temperature  just  below  the  boiling 
point.  Filter  on  double  12.6-cm.  closely  woven  papers,  keeping  the 
solutions  hot.  Wash  with  boiling  water.  Discard  the  meta-stannic 
acid  precipitates,  combine  the  four  filtrates  in  a  tall  700-cc.  beaker, 
and  add  0.5  g.  of  NajCOa,  and  evaporate  the  solution  until  syrupy. 
Cool  somewhat,  then  dilute  to  the  lip  with  warm  water.  There 
should  be  present  a  layer  about  \  in.  (6  mm.)  in  thickness,  composed 
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of  basic  salts  of  copper.  Electrolyze,  using  large  stationary  electrodes, 
at  a  current  of  4  amperes,  or  using  the  Frary  solenoid  at  a  current 
of  about  10  amperes.  The  lead  must  be  removed  at  the  anode  as 
the  copper  is  taken  out  at  the  cathode.  When  copper  and  lead  are 
out,  evaporate  the  electrolyte  to  small  volume,  cover  the  beaker,  add 
75  cc.  of  HCl  (sp.  gr.  1.20),  and  boil  down  to  small  voliune.  Add  75 
cc.  more  HCl  and  evaporate  to  dryness  to  dehydrate  any  silica  present. 
Moisten  with  about  0.5  cc.  of  HCl  and  take  up  with  20  cc.  of  hot  water. 
Filter  into  a  small  beaker.  Heat  the  filtrate  to  boiling  and  add  10 
cc.  of  5-per-cent  BaCU  solution,  drop  by  drop,  with  stirring.  Allow 
to  settle  at  least  five  hours,  filter  on  a  small  ashless  paper,  and  wash 
with  hot  water.  Ignite  cautiously  in  a  small  porcelain  or  platinum 
crucible,  and  then  heat  to  bright  redness  for  20  minutes.  Cool  and 
weigh  the  BaS04  and  calculate  to  sulfur. 

Notes. 

1.  Throughout  the  entire  analysis,  the  utmost  precautions  must  be  taken  to 
prevent  contamination  by  sulfur  in  any  form,  HsS04  fumes,  HsS,  and  SOs  gases 
especially.  All  heating  with  gas  burners  must  be  avoided.  Run  a  blank  with  each 
analysis,  adding  all  the  reagents  and  subjecting  it  to  the  same  operations  as  the 
beakers  containing  the  drillings.  Subtract  the  amount  of  BaSOi  found  in  the  blank 
from  that  in  the  determinations.  If  this  blank  amounts  to  0.002  g.,  it  is  a  sign  of  poor 
work  or  impure  reagents,  and  the  analysis  should  be  repeated.  Wash  out  all  beakers, 
funnels,  etc.,  with  distilled  water  before  using. 

2.  It  is  necessary  to  keep  the  solution  containing  the  meta-stannic  add  hot 
during  filtration.  If  the  .solution  becomes  cool,  some  of  the  meta-stannic  acid 
may  dissolve. 
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TENTATIVE  METHODS  OF  CHEMICAL  ANALYSIS 

OF 
BRONZE  BEARING  METAL.» 
Serial  Designation:  B  46  -  22  T. 

This  is  a  Tentative  Stindard  only,  published  for  the  purpose  of  eliciting  criti- 
cism and  suggestions.  It  is  not  a  Standard  of  the  Society  and  until  its  adoption  as 
Standard  it  is  subject  to  revision. 

Issued,  1922. 

GENERAL  CONSIDERATIONS 

Practically  all  of  the  following  methods  call  for  a  preliminary 
separation  of  tin  as  meta-stannic  acid  by  means  of  solution  and 
digestion  of  the  alloy  in  nitric  acid.  The  meta-stannic  add  so  obtained 
is  subject  to  contamination  by  such  alloy  constituents  as  copi>er  and 
iron  and  will  quantitatively  contain  such  elements  as  phosphorus, 
arsenic  and  vanadium  provided  the  ratio  of  tin  to  these  elements  in 
the  alloy  is  high  enough.  In  addition  to  the  above  drawbacks,  tin 
is  not  always  quantitatively  precipitated  as  meta-stannic  acid,  par- 
ticularly when  the  alloy  contains  more  than  0.25  per  cent  of  iron. 
In  ordinary  analyses  of  material  containing  but  little  iron,  correction 
or  provision  is  made  for  antimony  and  phosphorus  when  they  are 
present,  and  the  contaminants  and  the  slight  solubility  losses  are 
ignored.  This  procedure  results  in  compensating  errors  in  the  deter- 
minations of  copper  and  tin;  for  the  impurities  make  up  for  dissolved 
tin  while  the  dissolved  tin  plates  out  to  a  considerable  extent  with 
the  copper.-  In  umpire  analyses,  or  with  alloys  high  in  iron  or  anti- 
mony, the  above  weaknesses  of  the  method  must  be  taken  into  ac- 
count and  provision  must  be  made  for  the  complete  recovery  of  all 
tin,  as  well  as  the  complete  recovery  of  all  contaminating  elements 
carried  down  with  the  tin. 

A  special  method  is  given  for  the  determination  of  tin  in  alloys 
containing  considerable  phosphorus. 

Methods  are  given  for  the  determination  of  the  impurities: 
sulfur  and  antimony. 

*  Criticisms  of  these  Tentative  Methods  are  solicited  and  should  be  directed,  preferably  before 
January  1,  1923,  to  Mr.  P.  D.  Merica.  Secretary  of  Committee  B-2  on  Non-Perroua  Metals  and  Alloys. 
International  Nickel  Co..  67  Wall  St..  New  York  City. 
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DETERMINATION  OP  COPPER 

BT  THB 

ELECTROLYTIC  METHOD. 


Apparatus  tor  Electrolysis. 

Electrodes. — The  electrodes  recommended  are  of  the  stationary 
and  not  of  the  rotating  type,  as  the  stationary  require  less  of  the 
operator's  time  and  there  is  less  chance  for  erroneous  results  to  be 
obtained  than  with  the  other  kind.  Rapid  and  accurate  results 
are  obtained  with  stationary  electrodes  made  from  platinum 
gauze. 

Cathodes. — Platinum  cathodes  may  be  formed  either  from  plain 
or  perforated  sheets,  or  from  wire  gauze,  and  may  be  either  open  or 
closed  cylinders.  They  should  give  a  depositing  surface,  counting 
both  sides,  of  approximately  100  sq.  cm.  Gauze  cathodes  are  recom- 
mended, and  are  best  made  from  gauze  containing  approximately 
400  meshes  per  sq.  cm.  (50  meshes  per  linear  inch).  The  cathode 
should  be  stiffened  by  doubling  the  gauze  for  about  3  mm.  at  the 
top  and  at  the  bottom  of  the  cylinder.  The  cylinder  should  be 
approximately  30  mm.  in  diameter  and  30  mm.  in  height.  The  stem 
should  be  made  from  1.14-inm.  or  1.29-mm.  wire,  flattened  and 
welded  the  entire  width  of  the  gauze;  the  height  over  all  should  be 
approximately  130  mm.,  and  the  gauze  should  be  sand  blasted. 

Anodes. — ^Platinum  anodes  may  be  of  the  spiral  type  when  used 
in  the  determination  of  copper  by  electrolysis,  or  in  the  electrolytic 
determination  of  lead  when  it  is  present  in  amoimts  not  over  0.2  per 
cent  When  used  in  the  electrolytic  determination  of  copper  and 
lead  together  in  samples  containing  0.2  per  cent  of  lead  or  over,  the 
anodes  should  be  of  wire  gauze.  Spiral  anodes  should  be  made  from 
1.02-mm.  or  1.14-mm.  wire  formed  into  a  spiral  of  7  turns  having  a 
height  of  approximately  51  mm.  and  a  diameter  of  16  mm.,  the  length 
over  all  being  approximately  145  mm.  Platinum  gauze  used  in 
making  anodes  should  contain  approximately  400  meshes  per  sq.  cm. 
(50  meshes  per  linear  inch).  The  gauze  should  be  formed  into  closed 
cylinders  approximately  12  mm.  in  diameter  and  30  mm.  in  height. 
The  cylinders  should  be  stiffened  by  doubling  the  gauze  for  about 
3  mm.  at  the  top  and  at  the  bottom.  The  stem  should  be  made  from 
1.02-mm.  or  1.29-mm.  wire,  flattened  and  welded  the  entire  width 
of  the  gauze;  the  height  over  all  should  be  approximately  130  mm.^ 
and  the  gauze  should  be  sand  blasted. 
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Method. 

In  a  150-cc.  beaker,  dissolve  1  g.  of  the  bronze  in  10  cc.  of  HNO^ 
(sp.  gr.  1.42).  When  the  action  has  ceased,  boil  until  the  oxides  of 
nitrogen  are  expelled,  add  50  cc.  of  hot  distilled  water,  and  allow  to 
stand  and  settle  for  about  one  hour,  keeping  the  temperature  just  below 
the  boiling  point.  Filter  on  double  7-cin.  ashless  papers,  being  careful 
to  keep  the  solution  hot  throughout  the  process  of  filtration,  and 
receiving  the  filtrate  in  a  200-cc.  beaker  of  the  tall  type  used  in  elec- 
trolysis. Wash  with  boiling  hot  water.  Retain  the  papers  containing 
the  precipitate  for  subsequent  use  in  the  tin  determination. 

Add  to  the  filtrate,  5  cc.  of  HjS04  (sp.  gr.  1.84),  and  determine 
copper  by  electrolysis,  retaining  the  electrolyte,  after  the  removal 
of  the  copper,  for  the  subsequent  determination  of  zinc.  See  the 
"Determination  of  Copper  by  the  Electrolytic  Method,'*  Standard 
Methods  of  Chemical  Analysis  of  Manganese  Bronze  (Serial  Desig- 
nation: B  27)  of  the  American  Society  for  Testing  Materials.* 

Notes. 

Copper,  zinc,  and  tin  are  conveniently  determined  on  the  same  sample,  tin  Mng 
first  removed,  and  any  zinc  tested  for  after  copper  has  been  deposited  by  electrolysis. 

If  the  solution  becomes  cool  during  the  first  filtration,  some  of  the  raeta-stannic 
acid  (HjSnOj)  may  dissolve. 

DETERMINATION   OF   TIN. 
(For  Samples  Free  from  Phosphorus) 


MifTHOD. 
See  the  "Determination  of  Copper  by  the  Electrolytic  Method." 
Use  the  papers  containing  the  meta-stannic  acid  which  was 
filtered  off  in  the  ''Determination  of  Copper  by  the  Electrolytic 
Method."  Ignite  the  papers  with  the  precipitate  while  moist  in  a 
porcelain  or  platinum  crucible,  slowly  at  first,  and  finally  at  the  full 
heat  of  the  burner.  If  the  precipitate  weighs  more  than  20  mg.,  heat 
to  constant  weight,  using  a  blast  lamp.    Weigh  as  SnOi,  and  calculate 

to  Sn. 

Notes. 

1.  This  method  is  not  accurate  for  alloys  which  contain  phosphorus,  or  which 
contain  over  0.25  per  cent  of  iron. 

2.  The  ignited  tin  oxide  contains  small  amounts  of  iron  and  copper  as  well  as 
any  phosphorus,  antimony  or  arsenic  which  may  be  present  in  the  alloy.  Qualitative 
tests  should  be  made  for  phosphorus,  antimony  and  arsenic.  In  the  absence  of 
antimony  and  arsenic  the  following  "Qualitative  Test  for  Phosphorus"  is  here  made 
use  of  to  detect  phosphorus  and  to  estimate  its  amount,  if  any  is  found. 

» 1921  Book  of  A.S.T.M.  Standards. 
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QUALITATIVE  TEST  FOR  PHOSPHORUS. 


Solutions  Required. 
Ferric  Chloride. — Dissolve  25  g.  of  ferric  chloride  in  100  cc.  of 
distilled  water,  and  add  25  cc.  of  HCl  (sp.  gr.  1.20). 

Method. 

Dip  a  piece  of  the  alloy  into  a  few  cubic  centimeters  of  ferric 
chloride  for  about  ten  seconds,  and  rinse  it  in  running  water.  Alloys 
containing  phosphorus  are  darkened  noticeably  where  they  have  been 
dipped;  alloys  containing  over  0.25  per  cent  of  phosphorus  are  ren- 
dered almost  black  by  this  test. 

In  alloys  containing  up  to  0.20  per  cent  of  phosphorus,  a  correc- 
tion for  its  presence  in  the  ignited  tin  oxide  may  be  made  according 
to  the  following  empirical  method.  From  the  phosphorus  content 
of  the  alloy,  which  has  been  determined  on  a  separate  sample,  cal- 
culate the  weight  of  P^Os  and  subtract  two-thirds  of  this  weight  from 
the  weight  of  the  ignited  tin  oxide  containing  phosphorus.  The 
remainder  is  considered  as  pure  SnOj.  The  factor  for  converting 
phosphorus  to  'iXVtO%  is  152.6  per  cent,  or  approximately  1^  times 
the  phosphorus  content  of  the  sample. 

If  the  alloy  contains  over  0.20  per  cent  of  phosphorus,  a  special 
method  for  the  determination  of  tin  should  be  used. 

In  alloys  which  contain  over  0.25  per  cent  of  iron,  use  the  method 
for  the  "Determination  of  Tin"  in  the  Standard  Methods  of  Chemical 
Analysis  of  Manganese  Bronze  (Serial  Designation :  B  27)  of  the 
American  Society  for  Testing  Materials.* 

DETERMINATION    OF  TIN. 
(For  Samples  Containing  Phosphorus.) 


Solutions  Required. 

Yellow  Ammonium  Sulfide. — Saturate  150  cc.  of  NH4OH  (sp.  gr. 
0.90)  with  H2S  gas,  and  then  add  50  cc.  more  of  NH4OH.  Dissolve 
in  this  solution  3  or  4  g.  of  sulfur  flour,  and  about  1  g.  of  NH4CI. 
Make  up  this  solution  fresh,  and  filter  immediately  before  using. 

Dilute  Yellow  Ammonium  Sulfide  for  Washing, — Mix  20  cc.  of 
yellow  ammonium  sulfide,  prepared  as  above,  and  400  cc.  of  distilled 
water. 

Ammonium  Acetate  for  Washing. — Dissolve  10  g.  of  ammonium 
acetate  in  300  cc.  of  distilled  water,  make  slightly  acid  with  acetic 
acid  and  saturate  with  H2S  gas. 


U921  Book  of  A.S.T.M.  Standards. 
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Method. 
See  the  "Determination  of  Copper  by  the  Electrolytic  Method." 
Use  the  papers  containing  the  freshly  filtered  meta-stannic  add 
which  was  filtered  off  in  the  "Determination  of  Copper  by  the  Elec- 
trolytic Method."  Transfer  the  papers  with  the  precipitate  to  a 
150-cc.  beaker,  and  cover  with  40  to  50  cc.  of  yellow  ammonium 
sulfide.  Warm  for  about  15  minutes,  or  until  the  meta-stannic  acid 
has  dissolved.  Filter  and  wash. thoroughly  with  dilute  yellow  am- 
moniimi  sulfide.  Acidify  the  combined  filtrate  and  washings  cautiously 
with  50-per-cent  acetic  acid.  Warm,  and  allow  the  precipitated  tin 
sulfide  and  sulfur  to  settle.  Filter  on  double  papers  and  wash  with 
ammonium  acetate  solution.  Dry  the  precipitate,  and  place  it  with 
the  papers  in  a  porcelain  crucible  which  projects  part  way  through  a 
hole  in  a  piece  of  asbestos  board.  Heat  slowly  until  the  free  sulfur 
has  been  driven  off,  but  without  allowing  the  sulfur  to  bum.  When  the 
sulfur  has  been  expelled,  place  the  crucible  on  a  triangle  and  ignite 
slowly  at  first,  and  finally  at  the  full  heat  of  the  burner.  If  the  pre- 
cipitate weighs  more  than  20  mg.,  heat  to  constant  weight,  using  a 
blast  lamp.    Weigh  as  SnOi,  and  calculate  to  Sn. 

Accuracy. — ^Duplicate  determinations  should  check  within  0.06 
per  cent  of  tin. 

Notes. 

1.  The  ignited  tin  oxide  mil  contain  any  arsenic  or  antimony  that  was  present  in 
the  sample. 

2.  During  the  ignition,  if  the  sulfur  is  allowed  to  bum,  some  tin  sulfate  may  be 
formed,  causing  high  results.  On  the  other  hand,  low  results  may  be  caused  by  too 
high  heat,  which  causes  spattering  and  volatilizes  some  tin  sulfide. 

DETERMINATION  OF  LEAD 

BY  THE 

ELECTROLYTIC  METHOD. 


•  Apparatus. 
Electrodes  and  other  apparatus  used  in  electrolysis;    see  the 
** Determination  of  Copper  by  the  Electrolytic  Method.'*  * 

Method. 
In  a  150-cc.  beaker,  dissolve  1  g.  of  the  bronze  in  10  cc.  of  HNOs 
(sp.  gr.  1.42).  When  the  action  has  ceased,  boU  until  the  oxides  of 
nitrogen  are  expelled;  add  50  cc.  of  boiling  hot  distilled  water  and 
allow  to  stand  and  settle  for  about  one  hour,  keeping  the  temperature 
just  below  the  boiling  point.  Filter  on  double  7-cm.  ashless  papers, 
being  careful  to  keep  the  solution  hot  throughout  the  process  of 
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filtration.  Wash  with  boiling  hot  water.  Add  to  the  filtrate  9  cc.  of 
HNO3  (sp.  gr.  1.42)  and  dilute  to  about  150  cc.  with  distilled  water. 
Insert  a  sand-blasted  platinum  gauze  electrode  in  the  anode  terminal; 
this  electrode  may  be  one  of  the  type  uised  as  cathode  in  the  **Determi- 
nation  of  Copper  by  the  Electrolytic  Method,"  or  it  may  be  one  of  the 
sand-blasted  gauze  anodes  therein  described.  Insert  in  the  cathode  ter- 
minal one  of  the  electrodes  used  as  anode  in  the  "Determination  of 
Copper  by  the  Electrolytic  Method. "  Cover  with  a  pair  of  split  watch 
glasses  and  electrolyze.  For  each  solution  use  a  current  of  2  amperes 
at  10  volts  continued  for  about  2  hours.  Wash  down  the  cover 
glasses,  electrodes,  and  sides  of  the  beakers,  raising  the  level  of  the 
liquid  5  or  6  mm.,  and  continue  the  electrolysis  for  15  minutes.  If 
no  darkening  of  the  newly  exposed  surface  of  the  platinum  can  be 
detected,  the  lead  has  been  entirely  deposited.  If  the  newly  exposed 
surface  of  the  platinum  is  darkened,  continue  the  electrolysis  until 
no  such  darkening  can  be  detected  when  the  current  has  been 
continued  for  15  minutes  after  the  level  of  the  liquid  has  been  raised.' 
When  the  lead  has  been  entirely  deposited,  remove  the  anode 
quickly  and  rinse  it  in  distilled  water  and  then  in  alcohol,  and  dry  in 
an  oven  at  210*^  C.  for  30  minutes.  Weigh  as  PbOt,  using  the  factor  for 
lead  0.8643  instead  of  the  theoretical  value. 

Notes. 

1.  It  is  impossible  to  remove  the  tin  quantitatively  as  HtSnOi  in  the  case  of 
alloys  containing  over  0.25  per  cent  of  iron,  and  traces  of  tin  are  sometimes  found  in 
the  PbOs  deposit. 

2.  In  this  and  in  the  following  method,  a  slight  amount  of  lead  may  be  retained 
by  the  HiSnOs.  This  should  be  recovered  in  very  accurate  work,  but  is  neglected 
in  a  routine  analysis. 

3.  Samples  for  Analysis. — ^When  lead  is  less  than  0.10  per  cent,  a  5  or  10-g. 
sample  is  taken.  The  5-g.  sample  should  be  dissolved  in  25  cc.  of  HNOs.  The 
10-g.  sample  should  be  dissolved  in  45  cc.  of  HNOj.  When  the  lead  content 
is  greater  than  15  per  cent,  dissolve  the  sample  in  HNOs  as  described  under 
Method,  transfer  the  solution  to  a  graduated  flask  and  choose  aliquot  portions 
for  analysis  in  order  not  to  exceed  the  above  mentioned  limit  of  lead  to  be  deposited 
on  the  anode  as  PbOt-  The  lead  peroxide  will  tend  to  flake  off  the  electrode  when 
the  amount  deposited  becomes  excessive. 

DETERMINATION  OF  LEAD 

BY   THB 

"LEAD-ACID"  METHOD. 
(Optional.) 


Solutions  Required. 
'' Lead-Acid.''— Mix  300  cc.  of  H2SO4  (sp.  gr.  1.84)  and  180  cc. 
of  distilled  water.     Dissolve  1  g.  of  lead  acetate,  c.  p.,  in  300  cc.  of 
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distilled  water  and  add  this  to  the  hot  solution  with  stirring.     Let 
stand  at  least  24  hours,  and  siphon  through  a  thick  asbestos  filter. 

Dilute  Alcohol  for  Washing, — Mix  equal  parts  of  denatured  alcohol 
and  distilled  water. 

Method. 
In  a  150-cc.  beaker,  dissolve  1  g.  of  the  bronze  in  10  cc.  of  HNOs 
(sp.  gr.  1.42).  When  the  action  has  ceased,  boil  until  the  oxides  of 
nitrogen  are  expelled,  add  50  cc.  of  boiling  hot  distilled  water,  and 
allow  to  stand  and  settle  for  about  one  hour,  keeping  the  temperature 
just  below  the  boiling  point.  Filter  on  double  7-cin.  ashless  papers, 
being  careful  to  keep  the  solution  hot  throughout  the  process  of 
filtration.  Wash  with  boiling  hot  water.  Add  40  cc.  of  lead-acid 
and  evaporate  until  copious  fumes  of  H2SO4  are  evolved.  Cool,  add 
35  cc.  of  distilled  water  to  dissolve  the  salts.  Heat  to  boiling  and  allow 
to  cool  and  settle  for  5  hours,  or  over  night,  if  convenient.  Filter  on 
a  weighed  Gooch  crucible  and  wash  with  lead-acid.  Wash  out 
the  lead-acid  with  dilute  alcohol,  set  the  Gooch  crucible  inside  a 
porcelain  crucible,  ignite  for  five  minutes  at  the  full  heat  of  a  Tirrell 
burner,  cool  and  weigh  as  PbSOi,  and  calculate  to  Pb. 

Notes. 

1.  Copper  and  lead  may  be  determined  on  the  same  samples  if  so  desired.  Tn 
such  a  case,  after  filtering  off  the  lead  sulfate  and  washing  with  lead-add,  and 
before  washing  with  dilute  alcohol,  remove  the  filtrate,  add  3  cc.  of  HNO»  (sp.  gr. 
1 .42),  dilute  to  1 20  cc.  and  determine  copper  by  electrolysis.  See  the  "  Determination 
of  Copper  by  the  Electrolytic  Method. " 

2.  Copper  and  lead  may  also  be  determined  simultaneously  by  the  electrolytic 
method.  See  the  Standard  Methods  of  Chemical  Analysis  of  Manganese  Bronze 
(Serial  Designation:  B  27)  of  the  American  Society  for  Testing  Materials.* 

DETERMINATION   OF   IRON. 


Solutions  Required. 

Yellow  Ammonium  Sulfide. — Saturate  150  cc.  of  NH4OH  (sp.  gr. 
0,90)  with  hydrogen  sulfide  gas,  and  then  add  50  cc.  more  of  NH4OH. 
Dissolve  in  this  solution  3  or  4  g.  of  sulfur  flour,  and  about  1  g.  of 
NH4CI.  Make  up  this  solution  fresh,  and  filter  it  inunediately 
before  use. 

Dilute  Yellow  Ammonium  Sulfide  for  Washing, — ^Mix  20  cc.  of 
yellow  ammonium  sulfide,  prepared  as  above,  and  400  cc.  of  distilled 
water. 

Other  Solutions, — See  the  "Determination  of  Iron"  in  the  Ten- 
tative Methods  of  Chemical  Analysis  of  Brass  Ingots  and  Sand 
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Castings  (Serial  Designation  :  B  45-22  T)  of  the  American  Society 
for  Testing  Materials.^ 

Method. 

In  a  150-cc.  beaker,  dissolve  1  g.  of  bronze  in  10  cc.  of  HNO« 
(sp.  gr.  1.42).  When  the  action  has  ceased,  boil  until  the  oxides  of 
nitrogen  are  expelled,  add  50  cc.  of  boiling  water,  and  allow  to  stand 
and  settle  for  about  one  hour,  keeping  the  temperature  just  below 
the  boiling  point.  Filter  on  double  7-cm.  papers,  keeping  the  solution 
hot,  and  wash  with  boiling  hot  water.  Retain  both  the  filtrate  and 
the  precipitate.  Transfer  the  papers  with  the  precipitate  to  a  150-cc. 
beaker,  and  cover  them  with  40  to  50  cc.  of  yellow  ammonium  sulfide. 
Warm  about  15  minutes,  or  until  the  meta-stannic  acid  is  dissolved. 
Filter  and  wash  thoroughly  with  hot,  dilute  yellow  ammonium  sulfide. 

Dissolve  the  small  black  residue  on  the  filter  with  hot  dilute  HCl, 
receiving  the  solution  in  a  small  beaker.  Add  5  cc.  of  HNO3  (sp.  gr. 
1 .42)  and  boil  to  oxidize  sulfur  and  iron.  Add  this  small  solution  to  the 
original  filtrate  from  the  meta-stannic  acid.  Add  about  5  g.  of 
NH4CI,  then  NH4OH  (sp.  gr.  0.90)  and  proceed  as  in  the  "Determina- 
tion of  Iron"  in  the  Tentative  Methods  of  Chemical  Analysis  of  Brass 
Ingots  and  Sand  Castings  (Serial  Designation  :  B  45-22  T)  of  the 
American  Society  for  Testing  Materials.^ 

DETERMINATION   OF   NICKEL 

BY  THE 

DIMETHYLGLYOXIME   METHOD. 


Solutions  Required. 

Dimethylglyoxitne  Solution. — Dissolve  5  g.  of  dimethylglyoxime 
in  500  cc.  of  grain  alcohol,  and  filter  before  using. 

Sodium  Potassium  Tartrate  Solution. — Dissolve  200  g.  of  the  salt 
in  1  liter  of  distilled  water. 

Dilute  Ammonia  for  Washing, — Solution  containing  10  cc.  of 
NH4OH  (sp.  gr.  0.90)  per  liter  of  water. 

Method. 
In  a  200-cc.  electrolytic  beaker,  dissolve  a  1-g.  sample  exactly  as 
in  the  "Determination  of  Copper  by  the  Electrolytic  Method"  and 
remove  the  copper  by  electrolysis.  Evaporate  the  solution  to  about 
100  cc,  filter,  add  about  1  g.  of  NH4CI,  then  10  cc.  of  sodium  potassium 
tartrate  solution,  and  nearly  neutralize  with  NH4OH  (sp.  gr.  0.90). 

^Sae  p.  664. 
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Heat  nearly  to  boiling,  add  5  cc.  of  dimethylglyoxime  solution  for 
each  0.01  g.  or  fraction  of  nickel  present  and  then  NH4OH  m  slight 
excess.  Let  stand  at  least  30  minutes  on  the  steam-bath,  filter  and 
wash  with  dilute  ammonia  solution.  For  accurate  work,  the  pre- 
cipitate should  be  dissolved  in  hot  HCl  (l  :  l)  and  reprecipitated  as 
before.  Filter  on  a  weighed  Gooch  crucible,  wash  with  dilute  ammonia 
solution,  and  then  with  hot  water;  dry  at  110  to  120^  C.  for  about 
two  hours  and  weigh  as  the  glyoxime  salt  which  contains  20.31  per 
cent  of  nickel.  If  it  is  preferred,  instead  of  by  weighing  the  glyoxime 
salt,  the  nickel  can  be  determined  electrolytically  as  follows:  Dissolve 
the  red  precipitate  of  nickel  glyoxime  in  hot  HCl  (l  :  l),  add  10  cc. 
of  H2SO4  (1  :  1)  and  evaporate  to  strong  fumes.  Dilute,  neutralize 
with  NH4OH  (sp.  gr.  0.90),  and  add  20  cc.  in  excess.  The  final 
volume  should  be  about  150  cc.  Electrolyze  with  a  current  of  0.3 
ampere  per  solution.  Test  the  solution  for  completion  of  deposition 
with  fresh  HjS  water  as  is  done  in  the  "Determination  of  Copper 
by  the  Electrolytic  Method.  '*  Remove  the  cathode,  wash  with  water 
and  dry  with  alcohol  as  in  the  **  Determination  of  Copper  by  the 
Electrolytic  Method. "    Weigh  the  deposit  as  metallic  nickel. 

determination  of  zinc. 


Method. 


See  the  "Determination  of  Copper  by  the  Electrolytic  Method." 
After  the  copper  has  been  completely  deposited  by  electrolysis, 
quickly  remove  the  cathode  and  wash  it  thoroughly  with  distilled 
water,  catching  the  washing  in  the  beaker  containing  the  electrolyte. 
Heat  the  solution  and  saturate  with  HtS  gas.  Filter  off  any  precip- 
itate, and  boil  the  solution  to  expel  HtS.  Make  the  solution  barely 
alkaline  with  NH4OH,  and  add  25  cc.  of  85-per-cent  formic  acid. 
Dilute  the  solution  with  distilled  water  to  300  cc,  heat  to  boiling,  and 
saturate  with  H»S  gas.  Filter,  wash  with  hot  water  and  dissolve  the 
precipitate  with  hot  HCl  (l  :  l)  and  transfer  the  solution  to  a  weighed 
platinum  or  porcelain  dish  or  crucible.  Add  a  few  drops  of  H1SO4 
(sp.  gr.  1.84)  and  evaporate  the  solution  until  copious  fumes  escape. 
If  the  solution  is  not  clear  and  colorless,  cool,  add  a  few  cubic  centi- 
meters of  HNOj  (sp.  gr.  1.42)  and  again  evaporate  the  solution  until 
fumes  of  H»S04  come  off  freely.  Repeat  the  treatment  with  HNOi, 
if  necessary,  until  the  organic  matter  is  destroyed,  and  the  solution  is 
colorless.  Remove  the  excess  of  HiSO*  by  heating  the  dish  cautiously, 
and  finally  heat  to  dull  redness.    Weigh  as  ZnS04  and  calculate  to  Zn. 
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DETERMINATION  OF  PHOSPHORUS 

BY  THE 

ALKALIMETRIC  METHOD. 


Solutions  Required. 

Nitric  Acid  for  Dissolving.— Mix  1000  cc.  of  HNO3  (sp.  gr.  1.42) 
and  1200  cc.  of  distilled  water. 

Nitric  Acid  for  Washing. — Mix  20  cc.  of  HNOj  (sp.  gr.  1.42)  and 
1000  cc.  of  distilled  water. 

Ammonium  Molybdate  Solution  No.  1. — Place  in  a  beaker  100  g. 
of  85-per-cent  molybdic  acid,  mix  it  tiioroughly  with  240  cc.  of  dis- 
tilled water,  add  140  cc.  of  NH4OH  (sp.  gr.  0.90),  filter  and  add  60  cc. 
of  HNOs  (sp.  gr.  1.42). 

Ammonium  Molybdate  Solution  No.  2, — Mix  400  cc.  of  HNOj 
(sp.  gr.  1.42)  and  960  cc.  of  distilled  water. 

When  the  solutions  are  cold,  add  solution  No.  1  to  solution  No.  2, 
stirring  constantiy;  then  add  0.1  g.  of  ammonium  phosphate  dissolved 
in  10  cc.  of  distilled  water  and  let  stand  at  least  24  hours  before  using. 

Potassium  NiiraU,  l-per-cent  Solution  —Dissolve  10  g.  of  potas- 
sium nitrate  in  1000  cc.  of  distilled  water. 

Phenolphthakin  Indicator, — ^Dissolve  0.2  g.  in  50  cc.  of  95-per-cent 
ethyl  alcohol  anii  50  cc.  of  distilled  water. 

Standard  Sodium  Hydroxide. — Dissolve  3.3  g.  of  purified  NaOH 
in  1000  cc.  of  distilled  water,  add  a  slight  excess  of  1-per-cent  solution 
of  barium  hydroxide,  let  stand  for  24  hours,  decant  the  liquid,  and 
standardize  it  against  a  steel  of  known  phosphorus  content  as  deter- 
mined by  the  molybdate-magnesia  method,  so  that  1  cc.  will  be 
equivalent  to  0.01  per  cent  of  phosphorus  on  the  basis  of  a  1-g.  sample 
(see  Notes).  Protect  the  solution  from  carbon  dioxide  with  a  soda- 
lime  tube. 

Ferric  Chloride. — Dissolve  100  g.  of  ferric  chloride  (phosphorus 
free)  in  100  cc.  of  distilled  water. 

Standard  Nitric  Acid.— Mix  5  cc.  of  HNOs  (sp.  gr.  1.42)  and  1000 
cc.  of  distilled  water.  Titrate  the  solution  against  standardized 
NaOH,  using  phenolphthalein  as  indicator,  and  make  it  equivalent 
to  the  sodium  hydroxide  by  adding  distilled  water. 

Method. 

In  a  400-cc.  beaker,  dissolve  a  1-g.  sample  in  10  cc.  of  HNOi 

(sp.  gr.  1.42)  and  heat  until  brown  fimies  are  driven  off;   then  add 

15  cc.  of  HCl  (sp.  gr.  1.20)  and  evaporate  to  dryness.     Add  10  cc. 

of  HCl  (sp.  gr.  1.20)  and  again  evaporate  to  dryness,  but  do  not  bake. 
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Add  15  cc.  of  HCl  (sp.  gr.  1.20)  and  heat  to  solution;  dilute  with 
50  cc.  of  distilled  water  and  bring  to  a  boil.  Take  off  the  hot  plate 
and  wash  down  the  cover  glass  and  sides  of  the  beaker,  add  20-mesh 
c.  p.  zinc,  2  or  3  g.  at  a  time  until  the  solution  becomes  colorless, 
that  is  until  all  the  copper,  tin  and  lead  are  precipitated.  Filter, 
receiving  the  filtrate  in  the  400-cc.  beaker,  and  wash  well  with  hot 
water. 

Add  3  cc.  of  the  ferric  chloride  solution  to  this  filtrate  and  make 
faintly  ammoniacal;  bring  to  a  boil,  let  settle  and  filter.  Dissolve 
this  precipitate  in  hot  dilute  HCl  and  again  make  ammoniacal;  heat 
to  boiling,  let  settle  and  filter,  washing  well  with  hot  water. 

Dissolve  this  precipitate  in  as  small  a  quantity  of  hot  dilute  HNO3 
as  possible,  receiving  the  solution  in  a  300-cc.  Erlenmeyer  flask ;  wash 
filter  free  of  iron  with  hot  dilute  HNOs  and  hot  distilled  w^ater. 
Evaporate  to  about  15  cc,  cool,  make  ammoniacal,  then  neutralize 
with  HNOs  (sp.  gr.  1.42)  and  add  5  cc.  in  excess.  Cool  to  80*^  C,  and 
add  60  cc.  of  the  ammonium  molybdate  solution.  Let  stand  one 
minute,  then  shake  three  minutes  and  let  settle.  Filter  on  an  11-cm. 
filter  (using  a  small  quantity  of  paper  pulp  on  the  filter)  and  wash 
free  of  iron  with  2-per-cent  nitric  acid  wash,  then  free  of  acid  with 
the  1-per-cent  potassium  nitrate  solution. 

Place  the  paper  in  the  thoroughly  washed  acid-free  flask  in  which 
the  original  predpitation  was  made,  add  25  cc.  of  distilled  water  and 
an  excess  of  the  standard  sodium  hydroxide  solution.  By  using  a  long 
glass  rod,  the  paper  can  be  pulped  and  the  yellow  precipitate  dissolved 
in  a  very  few  seconds.  Wash  off  the  rod  and  the  sides  of  the  flask 
and  add  a  few  drops  of  the  phenolphthalein  solution  and  titrate  the 
excess  of  standard  NaOH  with  the  standard  HNO3.  The  strength 
of  the  standard  NaOH  and  the  standard  HNO3  in  terms  of  phos- 
phorus can  be  determined  by  using  a  standard  steel  or  preferably  a 
standard  phosphor  bronze  in  which  the  phosphorus  has  been  determined 
by  the  molybdate-magnesia  method. 

Accuracy, — Duplicate  determinations  should  check  within  0.01 
per  cent  of  phosphorus. 

Notes. 

1.  The  ammonium  molybdate  solution  should  be  kept  in  a  cool  place  and  should 
always  be  filtered  before  using. 

2.  All  distilled  water  used  in  titration  should  be  freed  from  carbon  dioxide  by 
boiling  or  otherwise. 

3.  Bureau  of  Standards  Standard  Steel  No.  19  (a)  or  a  bronze  of  known  phcs- 
phorus  content  are  recommended  as  suitable  materials  for  standardization  of  the 
sodium  hydroxide  solution. 

4.  (Gravimetric  method,  optional.)    It  is  considered  by  some  that  more  accurate 
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results  can  be  obtained  by  a  gravimetric  determination  of  phosphorus  as  Mg2p207. 
This  can  be  carried  out  by  dissolving  the  yellow  molybdate  precipitate  in  20  cc  of 
NH4OH  (1:1)  to  which  has  been  added  2  g.  of  citric  acid,  precipitating  with 
magnesia  mixture,  and  proceeding  as  usual,  finally  weighing  as  MgiPjO;. 

5.  Determination  of  phosphorus  by  the  ferric  alum  method  is  optional.  Sec 
the  Standard  Methods  of  Chemical  Analysis  of  Gun  Metal  (Serial  Designation:  B  28) 
of  the  American  Society  for  Testing  Materials.* 

DETERMINATION   OF  ANTIMONY 

BY  THE 

VOLUMETRIC  METHOD. 


Solutions  Required. 
Potassium  Perijianganate, — Dissolve   0.3   g.    of   potassium   per- 
manganate in  1000  cc.  of  distilled  water.     Standardize  by  dissolving 
25  mg.  of  pure  antimony  in  15  cc.  of  boiling  H2SO4  and  proceeding 
according  to  the  method  from  this  point. 

Method. 

In  a  250-CC.  beaker,  dissolve  5  g.  of  bronze  in  25  cc.  of  HNOa 
(sp.  gr.  1.42).  When  the  action  has  ceased,  boil  until  the  oxides  of 
nitrogen  are  expelled,  add  125  cc.  of  boiling  water  and  allow  to  stand 
and  settle  for  one  hour  or  longer,  keeping  the  temperature  just  below 
the  boiling  point.  Filter  on  double  9-cm.  closely  woven  papers, 
keeping  the  solution  hot.  Wash  with  boiling  water.  Discard  the 
filtrate. 

Transfer  the  papers  containing  the  tin  and  antimony  to  a  350-cc. 
Erlenmeyer  flask  and  add  25  cc.  of  HNO3  (sp.  gr.  1.42),  5  g.  of  am- 
monium persulfate,  and  15  cc.  of  H2SO4  (sp.  gr.  1.84).  Boil  to  strong 
fumes  of  SO3.  If  the  solution  is  brown,  cool  and  add  5  cc.  of  HNO3 
(sp.  gr.  1.42)  and  a  little  more  (1  g.  or  less)  persulfate,  if  necessary,  and 
boil  again  to  strong  fumes  of  SO3.  When  the  solution  is  colorless,  cool, 
add  20  cc.  of  distilled  water,  20  cc.  of  HCl  (sp.  gr.  1.20)  and  1  g.  of 
sodium  sulfite.  Boil  gently  for  10  minutes  to  expel  SO2  completely. 
Dilute  with  200  cc.  of  distilled  water  and  cool  to  10  to  12°  C.  in  ice 
or  under  running  water. 

Titrate  with  standard  permanganate  solution  until  the  appearance 
of  a  decided  permanent  pink  color. 

Notes. 
1.  In  alloys  containing  a  large  excess  of  tin,  the  antimony  is  precipitated 
quantitatively  with  the  meta-stannic  acid. 
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2.  Ammonium  persulfate  and  HNOj  are  used  to  destroy  the  filter  paper,  and 
subsequent  boiling  with  HsS04  effects  the  solution  of  the  tin  and  antimony.  A 
mixture  of  fuming  HNOi  and  HtSOi  might  be  used  to  accomplish  the  same  results, 
but  the  persulfate  mixture  is  much  more  efficient. 

3.  If  the  solution  becomes  cool  during  the  first  filtration,  some  of  the  meta- 
stannic  add  may  dissolve. 

4.  If  arsenic  is  present,  correction  should  be  made  for  it. 

DETERMINATION  OF  SULFUR. 


Method. 
Weigh  out  four  5-g.  samples  of  bronze  into  250-cc.  beakers. 
Dissolve  each  in  25  cc.  of  HNOa  (sp.  gr.  1.42)  and  boil  until  the 
disappearance  of  red  fumes.  Add  125  cc.  of  boiling  water  and  allow 
to  settle  for  one  hour  or  longer,  keeping  the  temperature  just  below 
the  boiling  point.  Filter  on  double  12.5-cm.  closely  woven  papers, 
keeping  the  solution  hot.  Wa.sh  with  boiling  water.  Discard  the 
meta-stannic  acid  precipitates,  combine  the  four  filtrates  in  a  tall 
700-cc.  beaker  and  add  0.5  g.  of  sodium  carbonate,  and  evaporate  the 
solution  until  syrupy.  Cool  somewhat,  then  dilute  to  the  lip  with 
warm  water.  There  should  be  present  a  layer  about  6  mm.  in  thick- 
ness, composed  of  basic  salts  of  copper.  Electrolyze,  using  large 
stationary  electrodes,  at  a  current  of  4  amperes,  or  using  the  Frary 
solenoid  at  a  current  of  about  10  amperes.  The  lead  must  be  removed 
at  the  anode  as  the  copper  is  taken  out  at  the  cathode.  When  copper 
and  lead  are  out,  evaporate  the  electrolyte  to  small  volume,  cover  the 
beaker,  add  75  cc.  of  HCl  (sp.  gr.  1.20)  and  boil  down  to  small  volume. 
Add  75  cc.  more  HCl  and  evaporate  to  dryness  to  dehydrate  any  silica 
present.  Moisten  with  about  0.5  cc.  of  HCl  and  take  up  with  20  cc.  of 
hot  water.  Filter  into  a  small  beaker.  Heat  the  filtrate  to  boiling 
and  add  10  cc.  of  5-per-cent  BaCls  solution,  drop  by  drop,  with  stirring. 
Allow  to  settle  at  least'five  hours,  filter  on  a  small  ashless  paper,  and 
wash  with  hot  water.  Ignite  cautiously  in  a  small  porcelain  or 
platinum  crucible,  and  then  heat  to  a  bright  redness  for  20  minutes. 
Cool  and  weigh  the  BaSO*  and  calculate  to  sulfur. 

Notes. 
1.  Throughout  the  entire  analysis,  the  utmost  precautions  must  be  taken  to 
prevent  contamination  by  sulfur  in  any  form,  H1SO4  fumes,  HjS,  and  SOi  gases 
especially.  All  heating  with  gas  burners  must  be  avoided.  Run  a  blank  with  each 
analysis,  adding  all  the  reagents  and  subjecting  it  to  the  same  operations  as  the 
beakers  containing  the  drillings.  Subtract  the  amount  of  BaS04  found  in  the  blank 
from  that  in  the  determinations.  If  this  blank  amounts  to  0.002  g.,  it  is  a  sign  of 
poor  work  or  impure  reagents  and  the  analysis  should  be  repeated.  Wash  out  all 
beakers,  funnels,  etc.,  with  distilled  water  before  using. 
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2.  It  is  necessary  to  keep  the  solution  containing  the  meta-stannic  acid  hot 
during  filtration.  If  the  solution  becomes  cool,  some  of  the  meta-stannic  acid  may 
dissolve. 

DETERMINATION   OF  ARSENIC. 


Solutions  Required. 

Ammonium  Carbonate, — Dissolve  150  g.  of  ammonium  carbonate 
m  one  liter  of  distilled  water. 

Method. 
Dissolve  the  sample  (5.00  to  10.00  g.)  in  a  100-cc.  beaker  in  10  cc. 
of  HNOs  (sp.  gr.  1.42)  and  30  cc.  of  HCl  (sp.  gr.  1.19).  When  solution 
is  complete,  cool,  add  35  cc.  of  H1SO4  (sp.  gr.  1.84)  evaporate  to  the 
appearance  of  copious  fumes  of  H2SO4,  and  continue  the  fuming  for 
from  ten  to  fifteen  minutes.  Cool,  take  up  in  HCl  (sp.  gr.  1.19), 
transfer  to  an  800-cc.  flask  having  a  two-hole  stopper  with  separatory 
funnel  and  outlet  tube  connecting  with  a  vertical  condenser  outside. 
(The  part  of  the  outlet  tube  within  the  distilling  flask  should  have  a 
steam  outlet  hole  about  1  cm.  from  the  open  end.)  Rinse  the  beaker 
with  HCl  (sp.  gr.  1.19)  and  dilujte  the  solution  with  the  acid  to  make  a 
total  volume  of  350  to  450  cc.  Add  10  g.  of  cuprous  chloride  (CU2CI1), 
connect  the  flask  with  the  condenser,  and  gradually  raise  the  contents 
of  the  flask  to  boiling.  Catch  the  distillate  in  a  tall  400-cc.  beaker 
containing  100  cc.  of  cold  water.  The  end  of  the  condenser  should 
extend  several  millimeters  into  the  water  in  the  beaker  and  the 
beaker  should  be  surrounded  with  ice  water  in  order  to  avoid  any 
possible  volatilization  of  arsenious  chloride.  After  about  100  cc.  of 
distillate  has  passed  over,  remove  the  flame  from  the  distilling  flask, 
pour  3  to  5  cc.  of  hypophosphorus  acid  through  the  separatory  funnel 
into  the  distilling  flask,  and  redistill  as  before,  catching  the  distillate 
in  the  same  beaker.  The  volimie  of  the  second  distillate  should  be 
50  to  100  cc.  Pass  a  rapid  current  of  HjS  through  the  distillate  for 
one  hour,  allow  to  settle,  and  filter  on  a  weighed  Gooch  crucible. 
Wash  twice  with  HCl  (l  :  l),  four  times  with  cold  water,  three  times 
with  alcohol,  and  four  times  with  CSj.  Dry  at  1 10°  C.  for  10  minutes, 
and  weigh  after  cooling.  Dissolve  the  AsSt  with  (NH4)2COi  solution, 
wash  thoroughly  with  water,  dry  for  30  minutes  at  1 10°  C.  and  reweigh 
after  cooling.  The  difference  in  weights  multiplied  by  0.609  gives 
the  weight  of  arsenic. 

Note. 
1.  Blank  determinations  should  be  made  on  the  reagents  carried  atong  as  in 
the  method  and  the  proper  corrections  made. 
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TENTATIVE  SPECIFICATIONS 

FOR 

QUICKLIME  FOR  STRUCTURAL  PURPOSES.' 

Serial  Designation:  C  5>22  T. 

This  is  a  Tentative  Standard  only,  published  for  the  purpose  of  eliciting  criti- 
cism and  suggestions.  It  is  not  a  Standard  of  the  Society  and  until  its  adoption  as 
Standard  it  is  subject  to  revision. 

Issued,  1921;   Revised,  1922. 

I.    REQUIREMENTS. 

Require-  l.-The  quicklime  shall  conform  to  the  following  requirements  as 

mentB.        ^^  chemical  composition,  calculated  to  the  non- volatile  basis: 

Calqum    Magnssian 
Ldcb.  Limk. 

Calcium  oxide,  minimum,  per  cent. 75 

Magnesium  oxide,  minimum,  per  cent 20 

Calcium  and  magnesium  oxides,  minimum,  per  cent ...  95  95 

Silica,  alumina,  and  oxide  of  iron,  maximum,  per  cent. .  5  5 
Carbon  dioxide,  maximum,  per  cent 

(a)  If  sample  is  taken  at  the  kiln 3  3 

(6)  If  sample  is  taken  at  any  other  place 10  10 

Percentage  2.  When  tested  in  accordance  with  the  method  given  below, 

of  Waste,     quicklime  shall  contain  not  more  than  3  per  cent  by  weight  of  waste. 
Densltj.  3.   (Specification  to  be  supplied  by  the  committee.) 

11.     METHODS  OF   TEST. 

Chemical  4.  The  chemical  analysis  of  the  lime  shall  be  made  in  accordance 

AnaiysiB.     ^j^-j^  ^^^  Tentative  Methods  of  Chemical  Analysis  of  Limestone, 

Quicklime  and  Hydra  ted  Lim    (Serial  Designation:   C  25  -  22  T)  of 

the  American  Society  for  Testing  Materials.^ 
Percentage  5.  An  average  2|-kg.  (5-lb.)  sample  shall  be  put  in  a  box  and 

of  Waate.    gjaj^^^j  by  an  experienced  operator  with  sufficient  water  to  produce 

1  These  tentative  specifications  are  intended  to  supersede  the  Standard  Specifications  for 
Quicklime.  The  Standard  Specifications,  which  were  last  published  under  the  Serial  Designation: 
C  5-15,  have  accordingly  been  withdrawn. 

Criticisms  of  these  Tentative  Specifications  are  solicited  and  should  be  directed  to  Mr.  (>.  W. 
Hutchinson,  Secretary  of  Committee  C-7  on  Lime.   North  Carolina  State  Highway  Commission. 
Raleigh.  N.  C. 
« See  p.  715. 
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the  maximum  quantity  of  lime  putty,  care  being  taken  to  avoid 
"burning"  or  "drowning"  the  liihe.  It  shall  be  allowed  to  stand 
for  24  hours  and  then  washed  through  a  No.  20  sieve  by  a  stream 
of  water  having  a  moderate  pressure.  No  material  shall  be  rubbed 
through  the  sieve.  The  sample  of  lump  lime  taken  for  this  test 
shall  be  broken  so  as  to  all  pass  a  No.  1  sieve  and  be  retained  on 
a  No.  3  sieve.    Pulverized  lime  shall  be  tested  as  received. 

6.  (Specification  to  be  supplied  by  the  committee.)  Apparent 

Density. 

III.  SAMPLING,  RETESTING,   PACKING  AND   MARKING. 

7.  The  sampling,  retesting,  packing  and  marking  shall  be  con-  Sampling, 
ducted   in   accordance  with   the   Tentative   Methods  of   Sampling,  *«*««rtinj;, 
Inspection,  Packing  and  Marking  of  Quicklime  and  Lime  Products  Marking. 
(Serial  Designation:  C  50  -  22  T)  of  the  American  Society  for  Testing 
l^aterials.^ 


Appendix. 


QuickUme  can  never  be  used  as  such  for  structural  purposes; 
it  must  always  be  slaked  first.  Since  the  method  of  slaking  is  an 
important  factor  in  determining  the  quality  of  the  finished  product, 
the  following  directions  are  given,  not  as  a  part  of  the  specifications, 
but  as  information  for  the  further  protection  of  the  purchaser. 

PREPARATION   OF   LIME   PUTTY. 

1.  (a)  Introduction. — Different  kinds  of  lime  vary  considerably  Directions 
in  the  way  in  which  they  behave  with  water.  A.  little  supervision  ^^^  siaWng. 
over  th^  lopqration  of  slaking  will  amply  pay  for  itself  by  insuring 
the  production  of  the  griea'test  possible  quantity  and  the  best  possible 
quality  of  putty.  To  find  out  how  to  slake  a  new  lot  of  lime,  it  is 
safest  to  try  a  little  of  it  and  see  how  it  works.  Since  dijfferent  lots 
of  the  same  brand  of  lime  vary  somewhat,  and  since  the  weather 
conditions  at  the  time  have  a  decided  influence,  it  is  wise  to  try  a 
sample  from  each  lot  used,  whether  familiar  with  the  brand  or  not. 

(b)  Classification  of  Limes, — In  a  bucket,  put  two  or  three  lumps 
of  lime  about  the  size  of  one's  fist,  or,  in  the  case  of  granular  lime,  an 
equivalent  amount.  Add  enough  water  to  just  barely  cover  the  lime, 
and  note  how  long  it  takes  for  slaking  to  begin.  Slaking  has  begun 
when  pieces  split  off  from  the  Imnps  or  when  the  lumps  crumble.  Water 
of  the  same  temperature  should  be  used  for  test  and  field  practice. 

»  See  p.  728. 
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If  slaking  begins  in  less  than  five  minutes,  the  lime  is  quick 
slaking;  from  five  to  thirty  minutes,  medium  slaking;  over  thirty 
minutes,  slow  slaking. 

(c)  Directions  for  Slaking. — For  quick-slaking  lime,  always  add 
the  lime  to  the  water,  not  the  water  to  the  lime.  ,  Have  enough  water 
at  first  to  cover  all  the  lime  completely.  Have  a  plentiful  supply  of 
water  available  for  immediate  use — ^a  hose  throwing  a  good  stream, 
if  possible.  Watch  the  lime  constantly.  At  the  slightest  appearance 
of  escaping  steam,  hoe  thoroughly  and  quickly,  and  add  enough 
water  to  stop  the  steaming.  Do  not  be  afraid  of  using  too  much 
water  with  this  kind  of  lime. 

For  medium-slaking  lime,  add  the  water  to  the  lime.  Add  enough 
water  so  that  the  lime  is  about  half  submerged.  Hoe  occasionally 
if  steam  starts  to  escape.  Add  a  little  water  now  and  then  if  neces- 
sary to  prevent  the  putty  from  becoming  dry  and  crumbly.  Be  careful 
not  to  add  any  more  water  than  required,  and  not  too  much  at  a^time. 

For  slow-slaking  lime,  add  enough  water  to  the  lime  to  moisten 
it  thoroughly.  Let  it  stand  until  the  reaction  has  started.  Cautiously 
add  more  water,  a  little  at  a  time,  taking  care  that  the  mass  is  not 
cooled  by  the  fresh  water.  Do  not  hoe  imtil  the  slaking  is  practically 
complete.  If  the  weather  is  very  cold,  it  is  preferable  to  use  hot 
water  but  if  this  is  not  available,  the  mortar  box  may  be  covered  in 
some  way  to  keep  the  heat  in. 
Preparfttioii  2.  (a)  Wkite  Coot, — ^After  the  action  has  ceased,  run  off  the  putty 
for^M^      through  a  No.  10  sieve  and  store  for  a  minimum  of  two  weeks. 

(b)  Base  Coats. — ^After  the  action  has  ceased,  run  off  the  putty 
through  a  No.  8  sieve.  Add  sand  up  to  equal  parts  by  weight,  all  of 
the  hair  required,  and  store  for  a  minimum  of  two  weeks. 

(c)  Masons*  Mortar.— Alter  the  action  has  ceased,  add  part  or 
all  of  the  sand  required,  and  store  for  a  minimum  of  24  hours. 
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FOR 

HYDRATED  LIME  FOR  STRUCTURAL  PURPOSES.' 

Serial  Designation:  C  6-22  T. 

This  is  a  Tentatiye  Standard  only,  published  for  the  purpose  of  eliciting  criti- 
cism and  suggestions.  It  is  not  a  Standard  of  the  Society  and  until  its  adoption  as 
Standard  it  is  subject  to  revision. 

Issued,  1917;   Revised,  1919.  1921,  1922. 

1.  These  specifications  cover  two  classes  of  hydrated  lime: 
namely,  masons'  hydrate  and  finishing  hydrate. 

2.  (a)  Masons'  hydrated  lime  may  be  used  for  scratch  or  brown  Uses, 
coat  of  plaster,  for  stucco,  for  mortars,  and  for  addition  to  portland- 
cement  concrete. 

(b)  Finishing  hydrated  lime  may  be  used  for  any  of  the  puiix>ses 
emmierated  in  Paragraph  (a)  for  masons'  hydrated  lime,  and  in 
addition  it  may  be  used  as  an  ingredient  of  the  final  or  white  coat  of 
plaster. 

I.    REQUIREMENTS. 

3.  Masons'  hydrated  lime  shall  conform  to  the  chemical  and  Maions' 
ph}rsical  requirements  herein  specified  except  that  for  plasticity,  H^*"**- 
specified  in  Section  9. 

4.  Finishing  hydrated  lime  shall  conform  to  all  chemical  and  VinisUng 
physical  requirements  herein  specified  including  that  for  plasticity,  ^^^^^ 
sped&ed  in  Section  9. 

5..  (a)  Carbon  Dioxide. — Carbon  dioxide  in  the  sample  shall  not  Chenlcai 
exceed  5  per  cent  if  the  sample  is  taken  at  the  place  of  manufacture,  ^^"••***«*- 
or  7  per  cent  if  the  sample  is  taken  at  any  other  place.     The  per- 
centage in  both  cases  are  based  on  the  non-volatile  portion. 

(6)  Calcium  and  Magnesium  Oxides. — Calcium  and  magnesium 
ozidtt  shall  constitute  not  less  than  95  per  cent  of  the  non-volatile 
portion. 

>ThtM  tontotiw  spodflcations  An  Intended  to  aupersed«  th«  Standard  Sp«clficationa  for 
Hydimtod  Ikam,  The  Standard  Spadficatloos.  which  wen  last  published  under  the  Serial  Deslg- 
natiOBi  C  6-lS,  have  aoeordingly  been  withdrawn. 

Critidsmt  of  these  Tentative  Specifications  are  solicited  and  should  be  directed  to  Mr.  G.  W. 
Htttchfaiaon,  Secretary  of  CommiUee  C-7  on  Lime,  North  Carolina  State  Highway  Commission, 
.N.C. 
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Fineness. 


Constancy 
of  Volume. 


Tensile 
Strength. 


Plasticity. 


6.  A  100-g.  sample  shall  leave  a  residue  of  not  more  than  0.5  per 
cent  on  a  No.  30  sieve,  and  not  more  than  15  per  cent  on  a  No.  200 
sieve. 

7.  A  pat  of  mortar,  covered  with  a  skim  coat  of  neat  paste,  shall 
be  subjected  to  the  action  of  steam.  If  the  steam  has  no  visible 
effect  on  the  pat,  the  sample  shall  be  reported  as  being  ''sound." 
If  the  pat  disintegrates,  the  sample  shall  be  reported  "unsound,"  and 
the  shipment  rejected.  If  the  sample  cracks,  pops,  or  shows  other 
minor  defects,  it  shall  not  be  reported  as  either  sound  or  unsound, 
but  its  behavior  shall  be  noted. 

8.  When  tested  in  the  form  of  a  mortar  composed  of  1  part  by 
weight  of  the  sample  and  3  parts  by  weight  of  standard  Ottawa  sand/ 
the  mortar  shall  show  a  tensile  strength  of  not  less  than  15  lb.  per 
sq.  in.  at  7  days. 

9.  Finishing  hydrated  lime  shall  have  a  plasticity  figure  of  not 
less  than  200,  when  tested  in  accordance  with  Section  15. 


Chemical 
Analysis. 


Fineness. 


III.     METHODS  OF  TEST.  , 

10.  The  chpmical  analysis  of  the  hydrated  lime  shall  be  made 
in  accordance  with  the  Tentative  Methods  of  Chemical  Analysis 
of  Limestone,  Quicklime  and  Hydrated  Lime  (Serial  Designation: 
C  25  -  22  T)  of  the  American  Society  for  Testing  Materials.^ 

11.  Fineness^  of  hydrated  lime  shall  be  determined  as  follows: 
One  hundred  grams  of  the  sample  as  received  shall  be  placed  on 

a  No.  30  sieve  which  shall  be  nested  above  a  No.  200  sieve.  The 
material  shall  be  washed  by  means  of  a  stream  of  water  from  a  faucet 
(Note  1).  The  washing  shall  be  continued  until  the  water  coming 
through  the  sieve  is  clear.  The  residue  upon  the  No.  30  sieve  shall 
be  dried  to  constant  weight  in  an  atmosphere  free  from  carbon  dioxide 
in  a  drying  oven  whose  temperature  is  maintained  between  100  and 
120*^  C.  The  weight  of  this  residue  shall  be  calculated  as  percentage 
of  the  original  sample. 

The  material  which  has  passed  the  No.  30  sieve  and  remsuned  on 
the  No.  200  sieve  shall  be  then  washed  through  the  latter  as  above 
described.  The  residue  on  this  sieve  shall  be  treated  in  the  same 
manner  as  described  above  for  that  retained  on  the  No.  30  sieve  and 
the  percentage  retained  added  to  the  percentage  of  residue  on  the 
No.  30  sieve.  The  sum  of  these  two  shall  be  reported  as  the  per- 
centage of  residue  on  the  No.  200  sieve. 

I  See  p.  715. 

*  Specifications  for  U.  S.  Standard  Sieve  Series  in  a  publication  i^ow  being  propaied  to  supeisede 
Bureau  of  Standards  Circtdar  No.  SO, 
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Note  1. — A  small  piece  of  rubber  tubing  attached  to  a  water  faucet  will  be 
found  convenient.  The  velocity  of  the  stream  of  w^ter  may  be  increased  by  pinching 
the  tubing,  but  the  velocity  should  not  be  sufficient  to  cause  any  danger  of  splashing 
the  sample  over  the  sides  of  the  sieve. 

12.  Constancy  of  volume  shall  be  determined  as  follows:  Constancy  of 
To  20  g.  of  the  sample,  100  g.  of  standard  Ottawa  sand  shall  be  ^^^""•• 

added,  mixed  thoroughly  and  enough  water  added  to  the  mixture  to 
make  a  good  plastic  mortar  of  a  rather  dry  consistency.  This  shall 
be  spread  out  on  a  clean  glass  plate  to  form  a  layer  of  about  0.5  cm. 
(i  in.)  thick  by  about  10  cm.  (4  in.)  square.  The  pat  shall  be  of  even 
thickness*  throughout  and  not  tapering  at  the  edges.  If  the  mortar  is 
too  dry  to  work  well,  more  water  may  be  added.  This  pat  shall  be 
placed  in  a  closet  for  24  hours  to  set.  The  temperature  in  the  closet 
shall  be  between  18  and  24°  C.  (65  and  75°  F.)  and  there  shall  be 
free  circulation  of  air  in  the  closet  but  no  direct  draft  shall  be  per- 
mitted to  hit  the  pati  At  the  end  of  24  hours  the  pat  shall  be  removed 
from  the  closet  and  soaked  in  water  until  a  fihn  of  water  stands  unab- 
sorbed  on  the  surface  of  the  pat.  The  pat  shall  be  examined  carefully 
for  cracks.  If  any  are  present,  too  much  water  has  been  used  in 
making  the  pat  and  it  should  be  discarded  and  a  new  one  made. 

Twenty  grams  of  the  sample  shall  be  mixed  with  enough  water 
to  form  a  thick  cream.  This  shall  be  spread  out  in  a  thin  layer  on 
the  surface  of  the  pat.  It  shall  be  allowed  to  stand  for  15  minutes 
to  permit  possible  air  bubbles  to  form.  It  shall  be  troweled  to  an 
even  surface,  making  this  skim  coat  as  thin  as  possible  without  allow- 
ing the  sand  to  show  through.  The  pat  shall  be  put  back  in  the 
closet  for  another  24  hours  for  the  skim  coat  to  set.  It  shall  be 
examined  carefully  to  make  sure  there  are  no  cracks  or  pops.  A  vessel 
shall  be  provided  partially  filled  with  cold  water  and  having  a  per- 
forated cover.  The  pat  shall  be  suspended  in  this  vessel  in  such  a 
way  that  the  water  can  boil  without  touching  it.  The  water  shall 
be  brought  gradually  to  boiling  and  kept  boiling  gently  for  5  hours, 
the  pat  being  surrounded  by  steam  during  this  time.  The  water 
shall  then  be  permitted  to  cool  for  at  least  12  hours  before  the  cover 
is  removed  from  the  vessel.  The  pat  shall  then  be  removed  and 
examined  for  cracking,  popping,  or  disintegration. 

13.  In  a  suitable  vessel,  200  g.  of  the  sample  shall  be  mixed  with  TenaUe 
600  g.  of  standard  Ottawa  sand.     Sufficient  water  shall  be  added  to  8*T«n«*h. 
bring  the  mixture  to  the  proper  consistency  which  shall  be  deter- 
mined as  follows: 

A  clean  and  well-oiled  cylindrical  mold,  5  cm.  (2  in.)  in  diameter 
by  10  cm.  (4  in.)  high,  shall  be  prepared  and  mounted  on  a  glass 
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Sampling, 
Retestinc, 
Packinc, 
Marking. 


Plasticity. 


plate.  This  mold  shall  be  filled  with  the  lime  mortar,  struck  off  level 
and  the  mold  removed  immediately  by  raising  it  vertically.  The 
mortar  is  of  the  proper  consistency  when  the  final  height  of  the 
cylinder,  after  the  mold  is  removed,  is  9  cm.  (3 J  in.). 

The  mixture  having  been  brought  to  the  proper  consistency,  it 
shall  be  molded  to  form  six  briquettes.  These  briquettes  shall  be  of 
the  form  and  size  specified  in  Section  50  of  the  Standard  Specifications 
and  Tests  for  Portland  Cement  (Serial  Designation:  C  9)  of  the 
American  Society  for  Testing  Materials.'  After  the  molds  have  been 
filled  with  the  mortar,  the  whole  shall  be  placed  on  edge  in  a  damp 
closet  and  permitted  to  stand  over  night.  They  shall  then  be  removed 
from  the  damp  closet  and  permitted  to  stand  exposed  to  room  at- 
mosphere for  24  hours  longer.  The  briquettes  shall  then  be  removed 
from  the  molds  and  shall  be  stored  on  edge  in  room  atmosphere  in 
such  a  way  that  the  air  can  circulate  freely  around  each  briquette  until 
ready  for  test. 

For  measuring  the  tensile  strength  of  lime  mortars  the  machine 
used  shall  be  direct  acting;  that  is,  there  shall  be  no  levers  introduced 
between  the  load  and  the  specimen.  The  cut-off  mechanism  which 
stops  the  application  of  load  shall  be  automatic  and  instantaneous. 
The  machine  shall  be  regulated  to  apply  the  load  at  the  rate  of 
15  lb.  per  minute.  The  maximum  capacity  of  the  machine  shall 
be  not  less  than  50  nor  more  than  100  lb.,  and  it  shall  be  sensitive 
to  within  1  per  cent  at  any  load. 

IV.   sampling,  inspection,  rejection,  etc. 

14.  The  sampling,  re  testing,  packing  and  marking  shall  be  con- 
ducted in  accordance  with  the  Tentative  Methods  of  Sampling,  Inspec- 
tion, Packing  and  Marking  of  Quicklime  and  Lime  Products  (Serial 
Designation:  C  50-22  T)  of  the  American  Society  for  Testing 
Materials.* 

15.  The  plasticity  shall  be  determined  by  means  of  the  appa- 
ratus shown  in  Fig.  1  as  follows: 

Three  hundred  grams  of  the  sample  shall  be  mixed  with  enough 
water  to  form  a  thick  paste.  This  shall  be  covered  with  a  damp 
cloth  and  permitted  to  stand  for  not  less  than  16  nor  more  than  24 
hours. 

Note — It  is  necessary  that  the  paste  be  thick  enough  so  that  it  can  be 
diluted  to  "normal  consistency"  by  the  addition  of  more  water,  after  standing. 
The  proportion  of  water  will  vary  with  different  limes,  so  that  no  definite  amount 
can  be  recommended. 


1  1921   Book  of  A.S.T.M.  Standards. 
« $ee  p.  728. 
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The  mold*  shall  be  placed  on  a  glass  plate  and  filled  with  the  paste 
and  struck  off  level.  The  mold  shall  be  removed  immediately  by 
raising  it  vertically.    The  final  height  of  the  paste  shall  be  measured. 


Fig.  1.— Emley  Hastidmeter. 

Constants  of  the  Machine: 

Absorption  of  porcelain  base  plate. — 20  to  25  per  cent. 
Dimension  of  base  plate. — 1  in.  in  thickness  by  4  in.  in  diameter. 
Dimensions  of  disk. — A  in-  in  thickness  by  3  in.  in  diameter. 
Speed  of  vertical  shaft. — One  revolution  in  6  minutes,  40  seconds. 
Upward  Movement  of  base  plate. — j^  in.  per  revolution. 
Torque  on  disk  when  bob  reading  is  100. — 14,400  g.c.m. 

More  water  shall  be  added  if  necessary  and  the  test  repeated  until  the 
final  height  of  the  paste  is  found  to  be  li  in.  =fc^  in.  (31  mm.  =*=  1.5 
nmi.). 


*  Thii  mold  ii  the  same  as  that  specified  in  Section  38  of  the  Standard  Specifications  and  Tests  for 
Portland  Cement  (Serial  Designation:  C  9)  of  the  American  Society  for  Testing  Materials,  1921  Book 
of  A.S.T.M.  Standards. 
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The  mold  shall  be  placed  on  a  porcelain  base  plate  and  filled  with 
the  paste,  and  struck  ojff  level.  The  mold  shall  be  removed  by  raising 
it  vertically  without  distorting  the  paste.  The  base  plate  and  paste 
shall  be  placed  in  the  instrument  (Fig.  l)  and  the  carriage  turned  up 
by  hand  until  the  surface  of  the  paste  comes  in  contact  with  the  disk. 

The  carriage  shall  be  thrown  into  gear  and  the  motor  started. 
It  is  essential  that  the  motor  shall  be  started  exactly  sixty  seconds 
after  the  first  portion  of  paste  has  been  put  in  the  mold.  The  time 
when  the  first  portion  of  paste  is  put  in  the  mold  shall  be  recorded 
as  zero  time — the  motor  therefore  is  started  at  one  minute. 

The  scale  reading  shall  be  taken  and  recorded  every  minute  until 
the  test  is  complete. 

The  test  shall  be  considered  complete  when  (a)  the  force  equals 
100  as  shown  on  the  scale;  (b)  any  reading  is  less  than  the  one  before, 
indicating  that  the  bob  has  fallen  back;  or  (c)  the  bob  has  remained 
stationary  for  two  consecutive  readings  (one  minute)  and  the  speci- 
men has  either  visibly  ruptured  or  broken  loose  from  the  base  plate. 

The  time  and  the  scale  reading  at  the  end  of  the  experiment 
shall  be  noted.  The  time,  in  minutes,  elapsed  since  zero  time  shall  be 
called  T  and  the  scale  reading  (indicating  the  force)  F, 

The  plasticity  figure,  P,  shall  be  calculated  from  the  formula: 


p^Vp^+  Ci6t)k 


«t:  .' 
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TENTATIVE  SPECIFICATIONS 

FOR 

QUICKLIME  AND  HYDRATED  LIME  FOR  USE 

IN  THE  COOKING  OF  RAGS  FOR  THE 

MANUFACTURE  OF  PAPER.* 

Serial  Designation:  C  45-22  T.  ' 

This  is  a  Tentatiye  Standard  only,  published  for  the  purpose  of  eliciting  criti- 
cism and  suggestions.  It  is  not  a  Standard  of  the  Society  and  until  its  adoption  as 
Standard  it  is  subject  to  revision. 

Issued,  1922. 

1.  Rags  are  cooked  for  the  manufacture  of  paper  in  a  digester  umtintht 
under  steam  pressure  with  lime  or  with  lime  and  soda-ash.     They  are  CooWng  of 
then  washed  to  eliminate  as  much  of  the  non-cellulose  material  as 
possible. 

I.    REQUIREMENTS. 

2.  (a)  Either  quicklime  or  hydrated  lime  may  be  used.     It  shall  Rtqnira. 
be  clean  and  free  from  gritty  substances.  mtntt. 

(6)  The  quicklime  or  hydrated  lime  shall  conform  to  the  follow- 
ing requirements  as  to  chemical  composition,  calculated  to  the  non- 
volatile basis: 

Calcium  oxide  (CaO),  minimum 94  per  cent 

Magnesium  oxide  (MgO),  maximum 3 

Iron  and  aluminum  oxides  (FejO*  and  AUOi)  and  insoluble 

matter,  maximum 3 

Carbon  dioxide  (COi),  maximum: 

(a)  If  sample  is  taken  at  place  of  manufacture 

(1)  Quicklime 3 

(2)  Hydrated  lime 5 

(b)  If  sample  is  taken  at  other  than  place  of  manu- 

facture. 

(1)  Quicklime 5 

(2)  Hydrated  lime 7 


1  Critidtma  of  these  Teatative  Specification!  are  loUdted  and  should  be  directed  to  Mr.  G.  W. 
Hutcblnion.  Secretary  of  Committee  C-7  on  Lime.  North  Carolina  State  Highway  CommiMfoa, 
Raleigh.  N.  C. 
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Chemical 
Analyiit* 


XL    METHODS  OF  TEST. 


3.  The  chemical  analysis  of  the  lime  shall  be  made  in  accordance 
with  the  Tentative  Methods  of  Chemical  Analysis  of  Limestone, 
Quicklime  and  Hydrated  Lime  (Serial  Designation:  C  25-22  T)  of 
the  American  Society  for  Testing  Materials.^ 


Samplinff, 
Intptctioii, 
Rejection, 
etc. 


III.    SAMPLING,  INSPECTION,  REJECTION,  ETC. 

4.  The  sampling,  inspection,  rejection,  retesting,  packing  and  mark- 
ing shall  be  conducted  in  accordance  with  the  Tentative  Methods  of 
Sampling,  Inspection,  Packing  and  Marking  of  Quicklime  and  Lime 
Products  (Serial  Designation:  €50-22  T)  of  the  American  Society 
for  Testing  Materials.^ 

1  See  p.  715. 
>  See  p.  728. 
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TENTATIVE  SPECIFICATIONS 

FOR 

QUICKLIME  AND  HYDRATED  LIME  FOR  USE  IN 
THE  MANUFACTURE  OF  SULFITE  PULP.^ 

Serial  Designation:  C  46-22  T. 

This  is  a  TentatiTft  Standard  only,  published  for  the  purpose  of  eliciting  criti- 
cism and  suggestions.  It  is  not  a  Standard  of  the  Society  and  until  its  adoption  as 
Standard  it  is  subject  to  revision. 

Issued,  1922. 

1.  Lime  is  used  in  the  "Milk  of  Lime"  or  "Tank  System"  of  Umein 
sulfite  pulp  manufacture  for  making  the  cooking  liquor.    The  milk  JJ^^tt**" 
of  lime  is  held  in  solution  or  suspension  in  a  series  of  tanks  equipped  Pulp, 
with  suitable  agitators.    The  sulfur  dioxide  is  forced  or  drawn  through 

these  tanks  successively.  In  some  cases,  the  tanks  are  built  on  top  of 
each  other  in  the  form  of  a  tower.  The  contents  of  the  first  tank  are 
drawn  oflf  when  the  liquor  has  reached  a  certain  strength  (3.5  to  6  per 
cent  total  SOs)  and  the  contents  of  the  second  and  third  tanks  progress 
to  the  first  and  second  tanks  respectively.  The  third  tank  is  again 
charged  with  fresh  milk  of  lime.  There  are  other  systems  of  absorption 
which  provide  for  continuous  instead  of  intermittent  operation.  The 
function  of  the  lime  is  to  furnish  the  base  for  the  formation  of  the 
bisulfites  of  calcium  and  magnesium. 

I.    REQUIREMENTS. 

2.  (a)  Either  quicklime  or  hydrated  lime  may  be  used.*    Either  Require- 
calcium  or  magnesian  lime  may  be  used,  but  owing  to  the  greater  "•"*■• 
solubility  and  reactivity  of  magnesian  bisulfite,  high  magnesian  lime 

gives  the  best  results.  The  ratio  of  MgO  to  CaO  shall  be  reasonably 
constant  and  the  lime  shall  be  moderately  free  from  impurities.  The 
lime  shall  be  of  such  a  physical  nature  that  it  will  form  a  rapid 
settling  sludge. 

(b)  The  quicklime  or  hydrated  lime  shall  conform  to  the  following 

>  Critidnxis  of  these  Tentative  Specifications  are  solicited  and  should  be  directeci  to  Mr.  G.  W. 
Hutchinson,  Secretary  of  Committee  C-7  on  Lime.  North  Carolina  SUte  Highway  Commission. 
Raleigh.  N.  C 

*  Ouicldlme  is  more  conunoidy  used. 
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requirements  as   to   chemical   composition,   calculated   to   the   non- 
volatile basis: 

Calcium  oxide  (CaO)  and  Magnesium  oxide  (MgO),  mini- 
mum  '. 94  per  cent 

Iron  oxide  (PetOs),  aluminum  oxide  (AI2O8),  Silicon  oxide 

(SiOi)  and  insoluble  matter,  maximum 3        " 

Carbon  dioxide,  maximum: 

(a)  If  sample  is  taken  at  place  of  manufacture 5        " 

(b)  If  sample  is  taken  at  other  than  place  of  manu- 

facture     10        " 

II.     METHODS  OF  TEST. 

Chtmicai  3.  The  chemical  analysis  of  the  lime  shall  be  made  in  accordance 

Anaiytu.  ^j^h  ^^  Tentative  Methods  of  Chemical  Analysis  of  Limestone,  Quick- 
lime and  Hydrated  Lime  (Serial  Designation:  C  25-22  T)  of  the 
American  Society  for  Testing  Materials.^ 

III.    SAMPLING.   INSPECTION,  REJECTION.  ETC. 

SampUni,  The  sampling,  inspection,  rejection,  retesting,  packing  and  mark- 

Rejection!*  ^^S  shall  be  conducted  in  accordance  with  the  Tentative  Methods  of 
•tc.  Sampling,  Inspection,  Packing  and  Marking  of  Quicklime  and  Lime 

Products  (Serial  Designation:   C  50-22  T)  of  the  American  Society 

for  Testing  Materials.^ 

»Secp.  715. 
*  See  p.  728. 
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TENTATIVE  SPECIFICATIONS 

FOR 

HYDRATED  LIME 

FOR  THE  MANUFACTURE  OF  VARNISH.* 

Serial  Designation:  C  47-22  T. 

This  is  a  Tentatiye  Standard  only,  pubKshed  for  the  purpose  of  eliciting  criti- 
dsm.  and  suggestions.  It  is  not  a  Standard  of  the  Society  and  until  its  adoption  as 
Standard  it  is  subject  to  revision. 

Issued,  1922. 

l!  Hydrated  lime  is  used  in  the  manufacture  of  pleo-resinous  Umeintht 
varnishes  to  harden  and  partially  neutralize  the  rosin.    About  8  lb.  JJI^^'Ja'* 
of  hydrated  lime  are  gradually  added  to  100  lb.  of  the  melted  rosin,  and 
heated  for  a  short  period. 

I.    REQUIREMEJ^ITS. 

'    2.  (a)  The  hydrated  lime  shall  be  of  such  a  color  that  no  pro-  Rtqnirt- 
nounced  darkening  of  the  finished  varnish  will  result.     It  shall  be  of  "*•**•• 
such  a  texture  and  of  such  fineness  that  all  portions  of  it  will  rapidly 
come  into  intimate  contact  with  the  resins  so  as  to  enter  into  the 
chemical  reactions  with  rapidity. 

(6)  The  lime  shall  be  completely  hydrated*  since  a  high  degree  of 
hydration  is  important. 

(c)  Fineness. — Not  more  than  10  per  cent  of  the  hydrated  lime 
shall  be  retained  on  a  No.  250  screen. 

(d)  Reactivity, — ^The  hydrated  lime  shall  conform  to  the  reoi"*"^ 
ments  of  the  tung-oil  heat  test  as  indicated  in  Section  5. 

(e)  The  hydrated  lime  shall  conform  to  the  following  require- 
ments as  to  chemical  composition,  calculated  to  the  non-volatile  basis: 

Calcium  oxide  (CaO),  minimum 94. 0  per  cent 

Magnesium  oxide  (MgO),  maximum 3.0  " 

Iron  oxide,  Alumina  oxide  and  insoluble  matter,  maxi- 
mum   3.0  " 

Iron  oxide  (Fe»Oi),  maximum 0.4  " 

Carbon  dioxide  (COi),  maximum: 

(a)  If  sample  is  taken  at  place  of  manufacture. . ..  3.0  " 
{b)  If  sample  is  taken  at  other  than  place  of  manu- 

fracture 5.0  " 

II.     METHODS  OF   TEST. 

3.  The  chemical  analysis  of  the  lime  shall  be  made  in  accordance  Chtnika] 
with  the  Tentative  Methods  of  Chemical  Analysis  of  Limestone,  Quick-  ^"^y^** 

^  Criticisms  of  these  Tentative  Specifications  are  solicited  and  should  be  directed  to  Mr.  G.  W. 
Hutchioion,  Secretary  of  Commrttee  C-7  ofi  Lime,  -  Notth  Carolina  State '  Highway  Commiision, 
Raleigh.  N.  C. 

'  A  very  high  calcium  lime  is  preferred.  It  is  especially  important  that  the  iron  coatMit  b*  low 
in  order  to  avoid  uxidesirable  color  effects. 
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III.    SAMPLING,   inspection,   REJECTION.   ETC. 

SampUng,  4.  The  Sampling,  inspection,  rejection,  retesting,  packing  and 

Rejtction!'  niaxking  shall  be  conducted  in  accordance  with  the  Tentative  Methods 
•tc.  of  Sampling,  Inspection,  Packing  and  Marking  of  Quicklime  and  Lime 

Products  (Serial  Designation:  C  50-22  T)  of  the  American  Society 

for  Testing  Materials.* 

» See  p.  728. 
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TENTATIVE  SPECIFICATIONS 

FOR 

QUICKLIME  AND  HYDRATED  LIME  FOR  THE 
MANUFACTURE  OF  SILICA  BRICK.^ 

Serial  Designation:  C  49-22  T. 

This  is  a  Tentatiye  Staadard  only,  published  for  the  purpose  of  eliciting  criti- 
cism and  suggestions.  It  is  not  a  Standard  of  the  Society  and  until  its  adoption  as 
Standard  it  is  subject  to  revision. 

Issued,  1922. 

1.  In  the  manufacture  of  silica  brick,  silica,  preferably  quartzite.  Lime  in 

in  ground  in  a  wet-pan  until  the  particles  are  less  than  J  in.  in  size.  Jf^JScl**"" 
Milk  of  lime  is  then  added  in  quantities  varying  from  1.5  to  4  per  cent  Brick. 
CaO  and  the  shapes  are  molded  and  dried.    When  bone  dry  they  are 
burned  in  down-draft  kilns  Until  most  of  the  quartzite  has  been  con- 
verted into  tridymite  and  christobalite. 

I.    REQUIREMENTS. 

2.  Either  quicklime  or  hydrated  lime  may  be  used.    It  shall  be  Rtquire- 
substantially  free  from  ash,  dirt  and  core.     Fineness  of  hydrate  and  "•**•• 
rapidity  of  slaking  of  quicklime  are  desirable  qualities. 

(6)  The  quicklime  or  hydrated  lime  shall  conform  to  the  following 
requirements  as  to  chemical  composition,  calculated  to  the  non-volatile 
basis: 

Calcium  oxide  (CaO),  minimum 92. 0  per  cent 

Magnesium  oxide  (MgO),  maximum 3.0        " 

Combined  Iron  and  Alimiinum  oxides  (FeiOs  and  AlsOt), 

maximum 1.5        " 

Silica  (SiOs)  and  insoluble  matter,  maximtmi 3.0        ** 

Carbon  dioxide  (COs),  maximum: 

(a)  If  sample  is  taken  at  place  of  manufacture 5.0        " 

(b)  If  sample  is  taken  at  other  than  place  of  manu- 

facture    10. 0        " 

II.     METHODS  OF  TEST. 

3.  The  chemical  analysis  of  the  lime  shall  be  made  in  accordance  Chemical 
with  the  Tentative  Methods  of  Chemical  Analysis  of  Limestone,  ^^^y"**- 
Quicklime  and  Hydrated  Lime  (Serial  Designation:   C  25-22  T)  of 

the  American  Society  for  Testing  Materials.* 

I  Criticisms  of  these  Tentative  Specifications  are  solicited  and  should  be  directed  to  Mr.  G.  W. 
Htttcfainson,  Secretary  of  Committee  C-7  on  Lime,  North  Carolina  State  Highway  Commission, 
Raleigh.  N.  C. 

xSeep.  715. 
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Tentative  Specifications  for  Gypsum. 


Chemical 
PropertieB. 


Sampling  from 
Bulk. 


Sampling  from 
Packagea. 


Laboratory 
Samplea. 


Packing  and 
Marking. 


No.  1 . — ^Material  of  this  size  shall  all  pass  a  14-me8h 
sieve,  and  not  less  than  85  per  cent  of  it  shall  pass  a  100- 
mesh  sieve. 

No.  2. — Material  of  this  size  shall  all  pass  a  14-mesh 
sieve;  and  not  less  than  60  nor  more  than  85  per  cent  of  it 
shall  pass  a  100-mesh  sieve. 

No.  3. — Material  of  this  size  shall  all  pass  an  8-mesh 
sieve,  and  not  less  than  40  nor  more  than  60  per  cent  of  it 
shall  pass  a  100-mesh  sieve. 

4.  The  chemical  composition,  within  the  limits  prescribed 
by  Section  2,  shall  be  a  matter  of  contract. 

II.    SAMPLING. 

5.  When  gypsum  is  shipped  in  bulk,  samples  of  about  5  lb. 
(2.25  kg.)  each  shall  be  taken  at  regular  intervals  during  the 
complete  loading  or  unloading  of  the  carrier,  in  such  a  way  as 
to  accumulate  at  least  200  lb.  (90  kg.)  of  material,  and  to 
represent  correctly  the  percentages  of  both  the  coarse  particles 
and  the  fines  in  the  shipment.  This  shall  be  broken  so  that  it 
will  all  pass  a  1-in.  (25-mm.)  ring,  thoroughly  mixed,  and 
reduced  by  quartering  to  provide  not  less  than  a  1-Ib.  (0.5-kg.) 
sample  for  the  laboratory. 

6.  When  gypsum  is  shipped  in  packages,  at  least  3  per  cent 
of  the  packages  shall  be  sampled-  Samples  shall  be  taken 
from  both  the  surface  and  the  center  of  the  packages.  These 
samples  shall  then  be  broken,  mixed,  and  quartered  as  directed 
above. 

7.  All  laboratory  samples  shall  be  placed  immediately  in  an 
air-tight  container  and  shipped  to  the  laboratory  for  test. 

III.    PACKING  AND  MARKING. 

8.  (a)  Gypsum  may  be  shipped  either  in  packages  or  in 
bulk. 

(b)  When  shipped  in  packages  for  resale,  the  following 
information  shall  be  legibly  marked  on  each  package  or  on  a 
tag  of  suitable  size  attached  thereto: 

Name  of  manufacturer; 

Form  and  size  of  material; 

Chemical  analysis  of  the  material,  giving  the  minimum 

percentages  of  CaO  and  Sd; 
Net  weight  of  package. 
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(c)  When  shipped  m  bulk,  a  card  containing  the  required 
information  shall  be  conspicuously  placed  in  the  carrier. 

IV.    INSPECTION  AND  REJECTION.- 

9.  Inspection  may  be  made  either  at  the  point  of  shipment  lupectton. 
or  at  the  point  of  delivery.    The  inspector  representing  the  pur- 
chaser shall  have  free  access  to  the  carriers  being  loaded  for  ^p- 

ment  to  the  purchaser.  He  shall  be  afforded  all  reasonable 
facilities  for  inspection  and  sampling,  which  shall  be  so  conducted 
as  not  to  interfere  unnecessarily  with  the  loading  of  the  carriers. 

10.  Any  rejection  shall  be  based  upon  the  specific  cause  of  Rejectioii. 
failure  to  conform  to  the  requirements  of  these  specifications, 

and  shall  be  reported  within  ten  working  da3rs  from  the  receipt 
of  the  shipment  by  the  consignee. 

11.  Claims  for  rehearing  shall  be  valid  only  if  made  within  Rehtaring. 
20  working  de^ys  from  receipt  of  notice  of  specific  cause  for 
rejection. 
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TENTATIVE  SPECIFICATIONS 

FOR 
GYPSUM  WALL  BOARD.^ 

Serial  Designation:  C  36-22  T. 

This  is  a  Tentative  Standard  only,  published  for  the  purpose  of  eliciting  criti- 
cism and  suggestions.  It  is  not  a  Standard  of  the  Society  and  until  its  adoption  as 
Standard  it  is  subject  to  revision. 

Issued,  1921;  Revised,  1922. 

Definition.  1.  Gypsum  wall  boards  are  incombustible  boards  which,  without 

the  addition  of  plaster,  furnish  to  interior  walls,  ceilings  or  partitions 

a  surface  which  may  receive  decoration. 
Compodtion.  2.  Gypsum  wall  boards  consist  of  sheets  or  slabs  composed  of 

one  layer  of  gj^simi,  with  or  without  fiber,  reinforced  on  the  surfaces 

with  a  covering  made  from  fibrous  material. 
Thickntss.  3.  Gypsum  boards  shall  be  |  in.  (9.5  ram,)  thick  with  pennissible 

local  variations  of  =^  A  in.  (0.8  mm.). 

Note. — Gypsum  wall  boards  are  manufactured  in  thicknesses  from  }  in.  (6.3 
mm.)to  i  in.  (12.7  mm.)  with  permissible  local  variations  of  ^-^  in.  (0.8  mm.)  from 
the  nominal  thickness. 

Dimendoni.  4.  (a)  Gypsiun  wall  boards  that  are  to  be  laid  with  the  joints 

butted  shall  have  widths  of  32  in.  (810  nam.),  36  in.  (910  mm.),  or 
48  in.  (1220  mm.),  except  that  a  variation  of  A  in.  (2  mm.)  under  the 
specified  widths  is  permissible. 

(b)  Gypsum  wall  boards  that  are  to  be  laid  with  the  joints  filled 
shall  have  widths  J  in.  (6.3  mm.)  less  than  those  specified  in  Para- 
graph (a)  except  that  the  same  variation  is  permissible. 

(c)  The  lengths  shall  be  4  ft.  (1.22  meter),  5  ft.  (1.52  meter), 
6  ft.  (1.83  meter),  7  ft.  (2.13  meter),  8  ft.  (2.44  meter),  or  10  ft.  (3.04 
meter),  except  that  a  variation  of  =t|  in.  (9.5  mm.)  from  these  lengths 
is  permissible. 

Weight.  5.  The  weight  of  gypsiun  wall  board  shall  be  not  less  than  1500 

lb.  (680  kg.)  nor  more  than  2000  lb.  (907  kg.)  per  1000  sq.  ft. 

Strength.  6.  (a)  Strength  test  specimens  shall  be  12  in.  (300  mm.)  wide 

and  approximately  18  in.  (460  mm.)  long,  and  when  tested  shall  be 
supported  on  parallel  knife-edge  bearings  spaced  16  in.  (410  mm.) 
apart,  and  shall  be  loaded  through  a  similar  bearing  midway  between 
the  supports. 

(b)  When  tested  as  described,  specimens  taken  from  the  gypsum 
wall  boards  shall  carry  a  load  of  not  less  than  60  lb.  (27.22  kg.)  when 
the  knife  edges  are  across  the  fiber  of  the  surfacing,  and  not  less  than 

I  Critidtmi  of  these  TenUtlve  Spedficatioxu  are  solicited  and  should  be  directed*  praCarably 
before  January  1.  1923.  to  Mr.  V.  G.  Marani.  Secretary  of  Committee  C-II  on  Gyi»um,  111  W. 
Washington  St..  Chicago.  IQ. 
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32  lb.  (14.51  kg.)  when  the  knife  edges  are  parallel  to  the  fiber  of  the 
surfacing. 

(c)  With  loads  equal  to  or  less  than  those  specified  in  Paragraph 
(b)  there  shall  be  no  breaking  of  the  bond  between  the  surfacing  and 
the  core. 

7.  That  surface  of  the  gypsum  wall  board  designed  to  be  exposed  Finish, 
on  erection  shall  be  true  and  free  from  imperfections  that  would 
render  the  wall  boards  unfit  for  use  with  or  without  decorations. 

The  edges  and  ends  shall  be  straight  and  solid.  Boards  that  are  to 
be  butted  shall  have  comers  square  and  opposite  edges  parallel  to 
each  other.  With  boards  that  are  to  have  the  joints  filled,  a  negative 
variation  of  i  in.  (3  mm.)  from  parallelism  of  opposite  edges  is  per- 
missible. 

8.  At  least  one  per  cent  of  the  number  of  gypsum  wall  boards  in  Sam^ng. 
a  shipment,  but  not  less  than  ten  boards,  shall  be  so  selected  as  to  be 
representative  of  the  shipment.    Twenty-five  per  cent  of  such  selected 
boards,  but  not  less  than  ten  individual  boards,  shall  constitute  a 
sample  for  test  purposes.     When  a  shipment  consists  of  more  than 

one  car  or  carrier  load,  a  sample  shall  be  selected  from  each  car  or 
carrier. 

9.  Shipments  of  gypsxun  wall  board  shall  conform  to  the  following:  PacUng  and 

(a)  They  shall  be  shipped  so  as  to  be  kept  dry  and  free  from  Marking, 
moisture. 

(b)  When  shipped  for  resale  the  following  information  shall  be 
shown  upon  each  board: 

Name  of  manufacturer; 

Brand; 

Nominal  thickness. 

10.  Inspection  may  be  made  either  at  the  point  of  shipment  or  intp^tion. 
at  the  point  of  delivery.     The  inspector  representing  the  purchaser 

shall  have  free  access  to  the  carriers  bemg  loaded  for  shipment  to  the 
purchaser.  He  shall  be  afforded  all  reasonable  facilities  for  inspection 
and  sampling,  which  shall  be  so  conducted  as  not  to  interfere  unnec- 
essarily with  the  loading  of  the  carriers. 

11.  Any  rejection  shall  be  based  upon  failure  to  conform  to  the  Rtjtction. 
requirements  of  these  specifications  and  shall  be  reported  within  ten 
working  days  from  the  receipt  of  the  shipment  by  the  consignee.    The 
notice  of  rejection  shall  contain  a  specific  statement  of  the  respects  in 

which  the  boards  have  failed  to  meet  the  requirements  of  these 
specifications. 

12.  Claims  for  rehearing  shall  be  valid  only  if  made  within  twenty  Rehearing, 
working  days  from  receipt  of  notice  of  specific  cause  for  rejection. 
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TENTATIVE  SPECIFICATIONS 

FOR 

GYPSUM  PLASTER  BOARD.^ 

Serial  Designation:  C  37-22  T. 

This  is  a  Tentatiye  Standard  only,  published  for  the  purpose  of  eliciting  criti- 
cism and  suggestions.  It  is  not  a  Standard  of  the  Society  and  until  its  adoption  as 
Standard  it  is  subject  to  revision. 

Issued,  1921;  Revised,  1922. 

1.  Gypsum  plaster  boards  are  an  incombustible  lath  or  backing 
for  the  application  of  gypsum  plaster  upon  the  walls,  ceilings  and 
partitions  in  the  interior  of  buildings. 

2.  G)T>sum  plaster  boards  consist  either  of  sheets  or  slabs  com- 
posed of  one  or  more  layers  of  gypsum,  with  or  without  fiber,  rein- 
forced on  the  surfaces  with  a  covering  made  from  fibrous  material;  or 
of  sheets  or  slabs  composed  of  an  intimate  mixture  of  gypsum  and 
fibrous  binding  material. 

3.  Gypsum  plaster  boards  shall  be  i  in.  (6.3  mm.),  A  in.  (8.0 
mm.),  f  in.  (9.5  mm.),  or  J  in.  (12.7  mm.)  thick,  except  that  average 
thicknesses  varying  not  more  than  ^  in.  (1.6  mm.)  from  the  nominal 
thickness,  and  local  variations  of  ^  in.  (1.6  mm.)  in  the  thickness  of 
the  individual  boards  are  permissible. 

4.  The  nominal  width  of  gypsum  plaster  boards  shall  be  32  in. 
(810  nun.),  and  the  nominal  length  24  in.  (610  man.),  36  in.  (910  mm.) 
or  48  in.  (1220  mm.).  A  variation  of  i  in.  (6.3  mm.)  under  the  speci- 
fied width,  and  of  f  in.  (9.5  nmi.)  imder  or  over  the  specified  length 
is  permissible. 

5.  The  weight  of  gypsum  plaster  board  per  1000  sq.  ft.  shall 
conform  to  the  following: 


Strencth. 


Thickkbss. 

IN.  MM. 

6.3 
8 

9.5 
12.7 


i 

I 
i 


Wbight,  Minimum.  * 

LB.  KG. 

1200  544 

1250  567 

1500  680 

2000  907 


Wbight,  Maximum. 

LB.  KG. 

1500  680 

1650  750 

2000  907 

3000  1361 


6.  (a)  Strength  test  specimens  shall  be  12  in.  (3O0  mm.)  wide 
and  approximately  18  in.  (460  mm.)  long,  and  when  tested  shall  be 

>  Criticisms  of  these  Tentative  Specifications  are  solicited  and  should  be  directed/preferably  before 
January  1.  1923.  to  Mr.  V.  G.  Marani.  SecreUry  of  Committee  C-1 1  on  Gypsum,  111  W.  WaafaixigtOB 
St.,  Chicago.  III. 
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supported  on  parallel  knife-edge  bearings  spaced  16  in.  (410  mm.) 
apart,  and  shall  be  loaded  through  a  similar  bearing  midway  between 
the  supports.  Test  loads  shall  be  applied  at  a  uniform  rate  of  60  lb. 
(27.22  kg.)  per  .minute  with  a  permissible  variation  of  =^10  per  cent 
in  the  rate. 

(6)  When  tested  as  described,  specimens  taken  from  the  gypsum 
plaster  boards  shall  carry  not  less  than  the  following  loads: 

Load,  lb. 
Board  Knifb  Edgbs  Knifb  Edges 

Thicknsss,  Across  Fibbr  Parallel  to  Pibbr 

in.  of  surfaang.  of  surfacing. 

1 4Q  20 

A 35  17 

i 30  14 

(c)  With  loads  equal  to  or  less  than  those  specified  in  Paragraph 
(6)  there  shall  be  no  breaking  of  the  bond  between  the  surfacing  and 
the  core. 

(d)  Gypsum  plaster  boards  that  are  i  in.  (12.7  mm.)  thick,  or 
those  that  are  not  reinforced  on  the  surfaces  with  a  covering  made 
from  fibrous  material,  when  tested  as  described  in  Paragraph  (a),  shall 
carry  an  ultimate  center  load  of  not  less  than  20  lb.  (9.07  kg.). 

7.  The  surfaces  shall  be  such  that  they  will  readily  receive  and  Finish, 
retain  gypsum  plaster.     The  edges  and  ends  shall  be  reasonal)ly 
straight  and  solid.     The  comers  shall  be  square  with  a  permissible 
variation  of  i  in.  (6  mm.)  in  the  full  width  of  the  plaster  boards. 
Gypsum  plaster  boards  shall  be  free  from  cracks  and  imperfections 

that  will  render  them  unfit  for  use. 

Note. — Gypsum  plaster  boards  that  have  their  comers  blurred  or  broken 
shall  be  considered  acceptable,  provided  that  the  broken  portion  is  not  more  than 
1}  in.  (38  mm.)  in  length. 

8.  At  least  one  per  cent  of  the  number  of  gypsum  plaster  boards  SampUng. 
in  a  shipment,  but  not  less  than  ten  boards,  shall  be  so  selected  as  to 

be  representative  of  the  shipment.  Twenty-five  per  cent  of  such 
selected  boards,  but  not  less  than  ten  individual  boards,  shall  consti- 
tute a  sample  for  test  purposes.  When  a  shipment  consists  of  more 
than  one  car  or  carrier  load,  a  sample  shall  be  selected  from  each  car 
or  carrier. 

9.  Shipments  of  gypsum  plaster  board  shall  conform  to  the  Packing  and 
foUowing:  ^•'^"«- 

(a)  They  shall  be  shipped  so  as  to  be  kept  dry  and  free  from 
moisture. 
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(b)  When  shipped  for  resale  the  following  information  shall  be 
shown  upon  each  board: 

Name  of  manufacturer; 

Brand; 

Nominal  thickness. 

Inspection.  10.  Inspection  may  be  made  either  at  the  point  of  shipment  or 

at  the  point  of  delivery.  The  inspector  representing  the  purchaser 
shall  have  free  access  to  the  carriers  being  loaded  for  shipment  to  the 
purchaser.  He  shall  be  afforded  all  reasonable  facilities  for  inspection 
and  sampling,  which  shall  be  so  conducted  as  not  to  interfere  unnec- 
essarily with  the  loading  of  the  carriers. 

Rejection.  11.  Any  rejection  shall  be  based  upon  failure  to  conform  to  the 

requirements  of  these  specifications,  and  shall  be  reported  within  ten 
working  days  from  the  receipt  of  the  shipment  by  the  consignee. 
The  notice  of  rejection  shall  contain  a  specific  statement  of  the  respects 
in  which  the  boards  have  failed  to  meet  the  requirements  of  these 
specifications. 

Rehearing.  12.  Claims  for  rehearing  shall  be  valid  only  if  made  within  twenty 

working  days  from  receipt  of  notice  of  specific  cause  for  rejection. 
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TENTATIVE  METHODS  OF  CHEMICAL  ANALYSIS 

OF 
LIMESTONE,  QUICKLIME  AND  HYDRATED  LIME.^ 

Serial  Designation:  C  25-22  T. 

This  is  a  Tentative  Standard  only,  published  for  the  purpose  of  eliciting  criti- 
cism and  suggestions.  It  is  not  a  Standard  of  the  Society  and  until  its  adoption  as 
Standard  it  is  subject  to  revision.  • 

Issued,  1919;  Revised,  1921,  1922. 
TREATBiENT   OF   SAMPLE 

The  sample,  taken  and  prepared  in  accordance  with  the  require-  Treatment  of 
ments  of  the  particular  specifications  of  the  Society  applicable  to  the  Sample, 
material  shall  be  treated  as  follows: 

Weigh  out  0.5  g.  of  the  substance  and,  if  a  limestone  or  hydrated 
lime,  ignite  in  a  covered  platinum  crucible  in  an  electric  muflSe  (Note  1) 
for  15  minutes,  or  longer  if  the  heat  is  not  powerful  enough  to  effect 
complete  decomposition  within  that  time.  Transfer  to  an  evaporating 
dish,  preferably  of  platinum  (Note  2)  for  the  sake  of  celerity  in  evapora- 
tion, mix  to  a  thin  slurry  with  distilled  water,  add  5  to  10  cc.  of  HCl 
(sp.  gr.  1.20)  and  digest  with  aid  of  gentle  heat  and  agitation  until 
solution  is  complete.  Solution  may  be  aided  and  the  time  shortened 
by  light  pressure  with  the  flattened  end  of  a  glass  rod  upon  resistant 
lumps.  Then  evaporate  the  solution  to  dryness,  so  far  as  this  may 
be  possible  on  the  water  bath. 

DETERMINATION   OF   SILICA. 

When  dry  or  nearly  so,  place  the  dish  and  its  contents  in  an  air  saica. 
bath  or  (covered)  on  a  platinum  triangle  resting  on  a  hot  plate  and, 
if  it  is  a  high  calcium  limestone  that  is  under  treatment,  heat  for  one 
hour  at  200°  C;  if  a  high  magnesian  stone  is  under  treatment  the 
temperature  should  not  exceed  120°  C.  Drench  the  cooled  mass  with 
HCl  (sp.  gr.  1.20)  and  allow  to  stand  for  a  few  minutes.  Add  an 
equal  volume  of  water,  cover  the  dish  and  place  on  the  water  bath  for 

1  Butteiim  700,  U.  S.  Geological  Survey,  should  be  used  as  a  reference  book  in  connection  with 
these  methods,  especially  when  very  exact  and  detailed  analyses  are  desired.  Blank  determinations 
should  be  made  on  all  reagents,  and  corrections  applied  when  called  for. 

Criticisms  of.  these  Tentative  Methods  are  solicited  and  should  be  directed  to  Mr.  G.  W.  Hutchin- 
son. Secretary  of  Committee  C-7  on  Lime,  North  Carolina  State  Highway  Commission,  Raleigh,  N.  C. 
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10  minutes  (Note  3).  Separate  the  silica  by  filtration  on  a  filter  of 
suitable  size.  Wash  thoroughly  with  dilute  HCl  and  then  wash 
twice  with  cold  water. 

Evaporate  the  filtrate  to  dryness.  Extract  the  residue  with 
HCl  as  before  but  allowing  only  a  few  minutes  time.  Filter  this 
solution  through  a  second  and  snialler  paper. 

Transfer,  wet,  the  papers  containing  the  separated  residue  to  a 
weighed  platinum  crucible.  Char  carefully  without  allowing  the 
paper  to  inflame  and  ignite  to  constant  weight  in  an  electric  muffle 
and  weigh  (Note  l).  Correct  the  weighed  silica  for  foreign  matter 
by  evaporating  with  5  cc.  of  HF  and  one  or  two  drops  of  HjSOi.* 
Heat  the  residue  for  2  or  3  minutes  in  an  electric  muffle  and  again 
weigh.  The  difference  between  this  weight  and  that  previously 
obtained  gives  the  weight  of  the  silica  (Note  4). 

determination  of  total  iron  and  aluminum. 
Iron  and  Fuse  the  residue  from  the  silica  determination  using  a  little 

Alumina.  NaaCOa  (Note  5).  Dissolve  the  cooled  melt  in  HCl  and  add  the 
solution  to  the  ffltrate  from  the  second  evaporation  for  silica.  Add  a 
few  drops  of  bromine  water  or  HNOs  and  boil  the  solution  imtil  all 
trace  of  bromine  or  chlorine  is  gone.  Then  add  HCl,  if  not  already 
present,  sufficient  to  insure  a  total  volume  of  10  to  15  cc.  of  HCl 
(sp.  gr.  1.20).*  Add  a  few  drops  of  methyl  red  solution  and  after 
diluting  to  200  to  250  cc.  heat  the  liquid  to  boiling.  Neutralize  by 
means  of  NH4OH  (dilute  towards  the  end)  until  the  color  of  the  liquid 
changes  to  a  distinct  yellow.  Boil  for  one  or  two  minutes,  allow  to 
settle,  filter  and  wash  the  precipitate  at  once  two  or  three  times  with 
hot  NH4CI  (2-per-cent)  solution  and  suck  dry.' 

Set  the  filtrate  aside.  Dissolve  any  precipitate  from  the  paper 
in  hot,  dilute  HCl,  the  solution  passing  into  the  beaker  in  whidi  the 
precipitation  was  made  and  wash  the  paper  thoroughly  with  hot 
water.  Boil  the  solution  to  expel  any  trace  of  chlorine  and  again 
precipitate  the  hydroxides  with  NH4OH  as  described  above.  Ignite 
the  precipitate,  moist  (Note  1),  in  a  weighed  platinum  crucible,  cool 
and  weigh  as  AliOa  and  FeiOa  (Note  6). 

determination  of  total  iron. 

Totaiiron.  Fuse  the  combined  iron  and  aluminum  oxides  (Note  7)  in  a 

platinum  crucible  at  a  very  low  temperature  with  3  to  4  g.  of  E1S2O7 

or  better  NaiSiO?  (Note  8).     Take  up  the  melt  with  so  much  dilute 

H2SO4  that  there  shall  be  not  less  than  5  g.  absolute  acid  and  enough 

i  See  BnUdin  700,  U.  S.  Geological  Survey,  p.  103. 
s  See  BuUitiH  700,  V.  S.  Geologieal  Survey,  p.  258. 
tSee  BmiUUn  700,  U.  S,  Geological  Survey,  p.  107. 
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water  to  e£fect  solution  on  heating.  Evaporate  the  solution  and 
eventually  heat  until  acid  fumes  come  off  copiously.  After  cooling 
and  redissolving  in  water,  filter  out  the  small  amount  of  silica,  wash, 
ignite,  weigh  and  correct  by  HF  and  HtS04  (Note  9).  Add  the 
weight  so  corrected  to  the  weight  of  silica  previously  found  and 
deduct  from  the  gross  weight  of  the  oxides  of  iron  and  aluminxun. 

Reduce  the  filtrate  by  zinc  (Note  10).  Titrate  with  KMn04 
using  a  N/20  solution. 

DETERMINATION  OF  ALUMINUM. 
Subtract  the  calculated  weight  of  FesOs  obtained  by  the  method  Aiumiiiiim. 
described  above  from  the  weight  of   Fe208  +  AUOb.     Report   the 
remainder  as  AUOs.    In  case  phosphorus  is  determined,  calculate  it 
to  PaO»  and  deduct  also. 

DETERMINATION  OP  TOTAL  IRON. 
Alternative  Method  (Note  7). 

Dissolve  2  to  5  g.  (depending  upon  the  amount  of  iron  present)  Xoui  iron, 
of  the  properly  prepared  sample  in  HCl  and  evaporate  rapidly  to  ^**"***^*- 
dryness.    Treat  the  residue  with  water  and  HCl,  filter  off  the  silica 
and  wash  several  times  with  hot  water.     Precipitate  the  iron  in  a 
boiling  solution  with  fixed  alkali,  allow  to  settle,  filter  and  wash  free 
of  chlorides,  using  hot  water.    Dissolve  in  dilute  HsS04. 

Ignite  the  insoluble  matter  from  the  evaporated  hydrochloric 
acid  solution  in  a  platinimi  crucible.  Treat  with  HsSOi  and  HF  and 
heat  imtil  fumes  of  HsS04  appear.  Bring  the  residue  into  solution 
with  the  addition  of  a  few  drops  more  of  H1SO4  and  combine  the 
solution  with  that  of  the  bulk  of  the  iron.  Reduce  this  solution  by 
zinc  and  titrate  the  iron  with  KMnOi  in  the  usual  manner. 

DETERMINATION  OP  CALCIUM. 
(Note  11.) 
(a)  Gravimetric  Method. 

Add  a  few  drops  of  NH4OH  to  the  combined  filtrate  from  the  caiciiim, 
RjOb  precipitate,  and  bring  the  solution  to  boiling.  To  the  boiling  o»v*««tric. 
solution  add  35  cc.  of  a  saturated  solution  of  (NH4)sCs04,  and  continue 
the  boiling  until  the  precipitated  CaCs04  assumes  a  granular  form; 
then  allow  it  to  stand  20  minutes,  or  imtil  the  precipitate  has  settled 
and  the  supematent  liquid  is  clear,  filter  and  wash  thoroughly  with 
boiling  water  (Note  12).  Place  the  wet  filter  and  precipitate  in  a 
platinum  crucible,  and  bum  off  the  paper  over  the  small  flame  of  a 
Bunsen  burner,  or  in  a  muffle.  Ignite  the  residue,  dissolve  in  hot 
dilute  HCl,  and  make  up  the  volume  of  the  solution  to  100  cc.  with 
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water.  Add  NH4OH  in  slight  excess  and  boil  the  liquid.  If  a  small 
amount  of  Al2(OH)6  separates,  filter  it  out,  wash  witi  NH4CI  (2-per- 
cent solution),  ignite,  weigh  and  add  this  weight  to  that  found  in  the 
first  determination.  Then  reprecipitate  the  lime  by  (NH4)iCa04. 
allow  to  stand  until  settled,  filter,  wash  thoroughly  with  boiling  water 
(Note  12)  and  weigh  as  calcium*  oxide  after  ignition  to  constant  weight 
in  a  covered  platinum  crucible. 

(b)  Volumetric  Method.     (Note  13.) 
Calcium,  Make  the  filtrate  from  the  iron  and  alumina  precipitate  alkaline 

o  nine  ic.  ^.^  NH4OH,  boil,  and  add  35  cc.  of  a  boiling  saturated  solution  of 
(NH4)2C204.  Stir  vigorously  and  allow  to  stand  until  the  precipitate 
has  settled,  filter  on  an  11 -cm.  paper,  and  wash  ten  times  with  hot 
water  (Note  14).  Transfer  the  jJaper  and  precipitate  to  the  beaker  in 
which  the  precipitation  was  made,  spreading  the  paper  out  against 
the  upper  portion  of  the  beaker.  Wash  the  precipitate  from  the 
paper  with  a  jet  of  hot  water,  fold  the  paper  and  leave  it  adhering  to 
the  upper  portion  of  the  beaker.  Add  to  the  contents  of  the  beaker 
50  cc.  of  dilute  H2SO4  (1:10),  dilute  to  a  volume  of  250  cc.  with  hot 
water  and  heat  to  a  temperature  of  80  to  90°  C.  Titrate  with  the 
standard  KMn04  solution^  until  the  pink  end  point  is  obtained.  Now 
drop  the  folded  filter  paper  (which  has  been  adhering  to  the  side  of 
the  beaker)  into  the  liquid;  the  pink  color  of  the  latter  will  be  dis- 
charged. Finish  the  titration  by  adding  KMn04,  a  drop  at  a  time, 
until  the  pink  end  point  is  again  obtained.  A  Gooch  crucible  may  be 
used  instead  of  filter  paper.  From  the  total  quantity  of  standard 
KMn04  solution  used,  calculate  the  percentage  of  calcium  oxide. 

DETERMINATION  OF  STRONTIUM. 

stronuum.  Transfer  the  weighed  oxides  obtained  in  the  gravimetric  determi- 

nation of  calcium  to  a  small  flask  of  20-cc.  capacity  and  dissolve  in 
HNOj.  Evaporate  to  dryness  and  heat  at  150  to  160°  C.  Treat  the 
thoroughly  dried  nitrates  with  as  little  (rarely  over  2  cc.)  of  a  mixture 
of  equal  parts  of  absolute  alcohol  and  ether  as  may  be  needed  to 
dissolve  the  calcium  salt,  solution  being  hastened  by  occasional  gentle 
agitation.  After  standing  over  night  in  the  corked  flask  collect  the 
insoluble  matter  on  the  smallest  possible  filter  and  wash  with  more  of 
the  above  mixture  of  alcohol  and  ether.  After  drjring,  pass  a  few 
cubic  centimeters  of  hot  water  through  the  filter,  on  which  may  remain 
a  few  tenths  of  a  milligram  of  residue,  which  does  not  usually  contain 
any  lime  or  other  alkaline  earth  and  whose  weight  is  therefore  to  be 

*  Sm  difvctioiM  for  pfparing  thli  tolutioD. 
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deducted  from  that  of  the  lime,  unless  it  can  be  shown  that  it  is  derived 
from  the  glass  of  the  little  flask  in  which  the  nitrates  of  calcium  and 
strontiimi  were  evaporated.  To  the  solution  of  strontium  nitrate  in 
a  small  beaker  add  a  few  drops  of  H2SO4  and  then  its  volume  of  alcohol, 
whereby  the  strontium  is  precipitated  as  sulfate.  After  twelve  hours, 
filter  on  a  small  filter  paper  and  wash  the  residue  with  50-per-cent 
alcohol.  Ignite  at  a  low  temperature,  moisten  with  dilute  HaS04, 
evaporate,  again  ignite  and  weigh  as  strontium  sulfate.  Test  the 
sulfate  spectroscopically  as  to  freedorn  from  calcium  and  barium. 

Calculate  the  weight  of  strontium  oxide  and  deduct  from  the 
weight  of  calcium  oxide  obtained  as  above. 

DETERMINATION   OP   MAGNESIUM. 

Acidify  the  combined  filtrates  from  the  calcium  precipitates  Magnedum. 
with  HCl  and  concentrate  on  the  water  bath  to  about  150  cc,  and 
heat  to  boiling.  To  the  boiling  solution  add  10  cc.  of  a  saturated 
solution  of  Na(NH4)HP04  and  continue  the  boiling  for  several 
minutes.  Then  cool  to  room  temperature,  and  add  NH4OH  drop  by 
drop  with  constant  stirring  until  the  crystallin  ammonium-magnesium 
orthophosphate  begins  to  form  and  then  in  moderate  excess,  the 
stirring  being  continued  for  several  minutes.  Allow  the  liquid  to 
stand  in  a  cool  atmosphere  for  from  12  to  48  hours  (Note  15)  and  filter. 

Dissolve  the  precipitate  in  hot  dilute  HCl,  make  up  the  solution 
with  water  to  about  100  cc,  add  1  cc.  of  the  saturated  solution*  of 
Na(NH4)HP04  and  NH4OH  drop  by  drop  with  constant  stirring 
until  the  precipitate  is  again  formed  as  above  described  and  the 
ammonia  is  present  in  moderate  excess.  Then  allow  it  to  stand  in  a 
cool  atmosphere  for  from  12  to  48  hours  (Note  15),  filter  on  paper  or 
a  Gooch  crucible,  wash  with  dilute  NH4OH  containing  NH4NO3 
(Note  16),  ignite  (Note  1),  cool,  and  weigh  as  Mg2P207  (Note  17). 

DETERMINATION   OF  TOTAL   VOLATILE   MATTER. 
(Loss  ON  Ignition.) 
Place  1  g.  of  the  properly  prepared  sample  (Note  18)  in  a  weighed  voiatue 
platinum  crucible,  cover  with  the  lid  and  heat  gently  for  5  minutes  Matter. 
(Note  1),  gradually  increasing  the  temperature  to  the  maximum  of  the 
muffle,  and  maintain  at  this  temperature  until  constant  weight  is 
obtained  (usually  about  15  minutes). 

DETERMINATION  OF  MECHANICAL  MOISTURE. 
(Limestone  Only.)  (Note  19.) 
Weigh  1  g.  of  the  properly  prepared  sample  in  a  tared,  wide,  Medumicai 
low-form,   flat-bottomed   weighing  bottle.      Heat  uncovered  in   a  *^®**^"* 
ventilated  drying  oven  at  120°  C.  for  two  hours.     Quickly  stopper 
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and  cool  in  a  desiccator.  Lift  the  stopper  momentarily  just  before 
weighing  and  weigh.  The  use  of  a  similar  weighing  bottle  as  a  counter- 
poise carried  through  all  of  the  operations  is  a  desirable  procedure. 
The  loss  in  weight  represents  "Mechanical  Moisture"  or  "Hydro- 
scopic Water"  at  120*"  C. 

DETERMINATION  OP  CARBON  DIOXIDE. 

Carbon  Carbon  dioxide  is  to  be  determined  upon  the  properly  prepared 

Dioxide,  sample  according  to  the  method  given  in  U.  S.  Geological  Survey 

Bulletin  No.  700,  p.  217.   An  illustration  showing  the  arrangement  of 

the  component  parts  of  the  necessary  apparatus  is  shown  on  p.  218 

of  that  Bulletin. 

With  limestone,  use  a  0.5-g.  sample;  with  burned  lime,  hydrated 
lime,  etc.,  use  a  5-g.  sample. 

Boil  the  weighed  sample  with  dilute  HCl  in  a  small  Erlenmeyer 
flask  attached  to  an  upwardly  inclined  condenser,  whence,  after 
passing  through  a  drying  system — calcium  chloride,  anhydrous  copper 
sulfate  to  retain  hydrogen  sulfide  from  decomposable  sulfides  and 
any  HCl  that  may  pass  over,  then  calcium  chloride  again — the  carbon 
dioxide  is  caught  by  absorption  tubes  filled  with  soda-lime  followed 
by  calcium  chloride.  Of  course,  arrangement  is  made  for  a  current 
of  air  free  from  COi  with  which  to  sweep  out  the  apparatus  before 
and  after  the  experiment,  and  for  a  slow  current  during  its  continuance. 

The  results  are  very  accurate  and  the  determination  can  be 
quickly  carried  out, 

Tlie  manipulations  are  as  follows:  Pour  hot  water  upon  the 
powder  in  the  flask  fitted  with  a  separatory  fimnel  and  delivery  tube; 
attach  this  to  the  condenser,  and  force  a  current  of  air  free  from  COj 
through  the  whole  system,  except  the  weighed  absorption  tubes,  imtil 
the  original  air  has  been  displaced,  the  observation  bulbs  (containing 
H2SO4  to  show  the  rate  of  gas  flow)  being  attached  directly  to  the 
drying  system.  Then  close  the  stop-cock  in  the  separatory  funnel, 
half  fill  the  latter  with  HCl  (l:l),  replace  the  rubber  stopper  of  the 
funnel,  insert  the  absorption  tubes  between  the  drying  system  and  the 
observation  bulbs,  and  allow  the  acid  to  flow  into  the  flask,  slowly  if 
there  is  much  carbon  dioxide,  rapidly  if  there  is  but  little.  When 
effervescence  diminishes  in  the  former  case,  at  once  in  the  latter, 
light  the  burner  under  the  flask  and  start  the  flow  of  water  through 
the  condenser.  Keep  the  flame  low,  so  as  to  secure  steady  but  quiet 
ebullition,  and  do  not  interrupt  the  air  current  although  it  should  be 
reduced  to  a  slow  rate.  With  much  carbon  dioxide  the  rate  of  absorp- 
tion is  very  readily  noted  by  holding  the  hand  to  the  soda-lime  tubes, 
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which  become  hot  or  wann  when  absorption  is  taking  place.  Suffi- 
cient time  having  elapsed  (Note  20),  extinguish  the  flame,  and 
increase  the  air  current.  When  cool,  disconnect  the  soda-lime  tubes 
from  the  apparatus  and  allow  to  stand  in  the  balance  case  imtil  two 
weights  taken  30  minutes  apart  agree  within  0.5  mg. 

The  soda  lime  for  use  in  this  determination  must  be  porous,  not 
hard  and  unabsoiptive  Uke  that  sometimes  used  for  the  combustion 
of  nitrogenous  organic  substances. 

DETERMINATION  OP  SULFURIC  ANHYDRIDE. 
Place   2   g.  of   the  properly  prepared  sample  in  a  small,  dry  suifiific 
beaker  and  stir  it  up  with  10  cc.  of  cold  water  until  all  limips  are  ^n^y^'W^- 
broken  up  and  the  lighter  particles  are  in  suspension.    Add  15  cc.  of 
dilute  HCl  (l :  1)  and  heat  imtil  solution  is  complete.   Filter  through  a 
small  paper  and  wash  the  residue  thoroughly  with  hot  water.    Dilute 
the  filtrate  to  250  cc,  heat  to  boiling,  and  add  10  cc.  of  a  boiling 
10-per-cent  solution  of  barium  chloride  drop  by  drop  with  constant 
stirring.    Stir  well  and  allow  to  stand  over  night.    Filter,  wash  with 
boiling  water,  ignite  and  weigh  as  BaSOi. 

DETERMINATION  OP  TOTAL  SULFUR. 
Digest  2  g.  of  the  properly  prepared  sample  on  the  hot  plate  with  toui 
25  to  30  cc.  of  bromine  water.    Then  add  15  cc.  of  dilute  HCl  (l  :l)  ®'*""- 
and  boil  until   solution  is   complete   and   all   bromine  has  been 
expelled.    Then  proceed  as  outlined  above  imder  ''Determination  of 
Sulfuric  Anhydride." 

DETERMINATION  OP  PHOSPHORUS. 

Dissolve  10  g.  of  the  sample  in  80  cc  of  dilute  HNOs  (l:l)i  Photphomt. 
filter,  and  wash  the  residue  with  hot  water.     Ignite,  and  fuse  the 
residue  with  a  little  Na«COs,  cool  the  melt  and  add  its  nitric  add 
solution  to  the  main  filtrate.    (Note  21.) 

In  case  the  rock  is  rather  argillaceous,  mix  the  powder  with  half 
its  weight  of  Na«COs  and  blast  strongly.  Dissolve  the  cooled  melt 
in  HNOt  and  evaporate  to  dryness.  Take  up  the  dry  residue  with 
dilute  HNOi  (1 : 2),  filter  and  wash  the  residue  with  hot  water.  Ignite 
the  residue  in  platinum,  and  evaporate  with  HF  and  HNOs.  Finally, 
evaporate  twice  with  HNOs  alone  to  expel  all  fluorine,  dissolve  the 
residue  in  HNOs  and  add  the  solution  to  the  main  filtrate.    (Note  2 1 .) 

Oxidize  the  nitric  acid  solution  by  boiling  with  10  cc.  of  1.5-per- 
cent KMnOi  solution  imtil  manganese  'dioxide  is  precipitated. 
Dissolve  the  oxide  by  addition  of  HsSOs  or  a  sulfite  free  from  phos- 
phorus and  boil  to  txpel  the  oxides  of  nitrogen  and  sulfur.    Neutralize 
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the  HNOb  with  NH4OH  and  then  add  1  cc.  of  HNOs  (sp.  gr.  1.42)  for 
every  100  cc.  of  solution.  Bring  the  solution  to  a  temperature  of 
40^  C.,  add  ammonium  molybdate  solution'  and  shake  for  10  minutes. 
Allow  to  stand  at  a  temperature  of  not  over  40**  C.  for  1  to  12  hours. 
Filter  and  wash  10  times  with  a  1-per-cent  KNOj  solution.  Return 
the  precipitate  to  the  precipitating  vessel,  add  a  measured  excess  of 
N/lO  NaOH  and  25  cc.  of  water  free  from  CO2  and  shake  or  stir  until 
the  precipitate  is  dissolved.  Dilute  to  100  to  200  cc.  with  water  free 
from  CO2,  add  3  drops  of  0.2-per-cent  phenolphthalein  solution,  and 
discharge  the  pink  color  with  standard  acid.  Finish  the  titration  by 
adding  standard  alkali  until  the  reappearance  of  the  pink  color.  The 
alkali  solution  should  be  free  from  carbonate  and  be  standardized 
against  the  Bureau  of  Standards'  standard  benzoic  acid.^  The  ratio  of 
phosphorus  to  NaOH  should  be  considered  as  1  :  23  in  calculating 
results.     (Note  22.) 

determination  of  manganese. 
Manganese.  Dissolve  10  g.  of  the  sample  in  100  cc.  of  dilute  HNO3  (l  :  l), 

filter  and  wash  the  residue  with  hot  water.  Ignite  the  residue  in 
platinum,  fuse  with  a  little  NatCOs  and  add  the  nitric  add  solution 
of  the  melt  to  the  main  filtrate. 

Dilute  the  solution  to  150  cc.  and  add  0.5  g.  of  sodiiun  bismuthate 
(Note  23).  Heat  for  a  few  minutes,  or  until  the  pink  color  has  dis- 
appeared and  dioxide  has  precipitated.  If  manganese  dioxide  does 
not  precipitate  add  more  bismuthate.  Clear  the  solution  by  adding 
a  few  drops  of  a  saturated  solution  of  sodium  bisulfite  or  other  suitable 
reducing  agent  free  from  chlorides,  and  boil  to  expel  all  oxides  of 
nitrogen  and  sulphur.  Cool  to  15^  C,  add  an  excess  of  sodium 
bismuthate,  agitate  and  let  stand  for  a  few  minutes.  Add  50  cc.  of 
3-per-cent  HNOj  and  filter  through  asbestos.  Wash  with  3-per-cent 
HNOs  until  the  washings  run  through  colorless.  Add  a  measured 
excess  of  a  standard  FeS04  solution  and  titrate  back  with  a  standard 
KMn04  solution  of  which  the  strength  has  been  determined  by  means 
of  the  Bureau  of  Standards  sodium  oxalate.    (Note  24.) 

determination  op  ferrous  iron  soluble  in  sulfuric  acid. 
Ferrous  Iron.  In  limestones,  the  presence  of  carbonaceous  matter  renders  the 

exact  or  even  approximate  determination  of  ferrous  iron  often  im- 
possible. Nevertheless,  even  in  its  presence  acceptable  results  are 
sometimes  obtainable  if  there  is  not  much  of  such  matter  and  if  it 
does  not  give  with  acid  a  colored  solution.     Occasionally  limestones 

t  Sm  Blair,  "The  Chemical  Anaiysii  of  Iron."  8th  Edition,  p.  92. 

•Sm  yoHfiM/,  Am.  Chem.  Soc..  Vol.  34.  p.  1027  (1912).  and  Vol.  35.  p.  1309  (1913). 


Digitized  by 


Google 


Serial  Designation:  C  25-22  T.  723 

show  films  of  manganese  peroxide,  which  likewise  interferes  with  the 
determination. 

(a)  In  Absence  of  Carbonaceous  Matter. 

The  powder,  one  to  several  grams,  is  introduced  into  a  stout 
flask  of  about  200  to  250-cc.  capacity  and  boiled  with  a  little  water 
till  all  air  is  expelled.  While  still  boiling,  dilute  HtS04  is  added,  a 
little  at  a  time,  till  effervescence  ceases,  and  then  a  further  amount. 
Calcium  sulfate  precipitates,  but  the  iron  will  remain  in  solution. 
Hie  flame  is  then  removed  and  a  stopper  tightly  inserted,  through  which 
passes  a  small  stop-cock  funnel.  When  cool,  or  nearly  so,  cold  water 
is  poured  into  the  funnel,  the  cock  cautiously  opened,  and  the  water 
drawn  into  the  flask,  more  water  being  poured  into  the  funnel  as  fast 
as  it  empties,  till  the  solution  amounts  to  100  to  150  cc.  Such  pre- 
caution to  exclude  air  is  hardly  necessary  in  most  cases,  however, 
for  in  presence  of  H2SO4  the  oxidation  of  ferrous  iron  is  exceedingly 
slow.  It  is  ordinarily  quite  sufficient  to  equalize  the  internal  and 
external  pressures  by  opening  the  cock,  removing  the  stopper,  and 
pouring  in  cold  water.  Hie  flask  is  then  brought  under  a  burette 
containing  dilute  ElMnOi  solution  and  the  iron  titrated  without  delay. 
With  a  carbonate  which  is  wholly  decomposable  without  the  aid  oi 
heat,  solution  may  be  accomplished  in  a  flask  filled  with  COi,  using 
cold  acid,  whereby  the  danger  of  attack  of  silicates  is  lessened  if  these 
are  present.  If  the  preference  is  for  the  KiCrjOj  method  of  titration, 
HCl  may  be  used  instead  of  HsS04,  in  absence  of  manganese  peroxide. 
In  this  case  there  is,  of  course,  no  separation  of  an  insoluble  calcium 
salt,  a  fact  which  renders  easier  the  subsequent  determination  of  the 
iron  in  any  insoluble  residue  the  rock  may  yield.  The  ferrous  iron 
thus  found  is  mostly,  if  not  altogether,  that  existing  as  carbonate.^ 

(b)  In  Presence  of  Carbonaceotts  Matter. 

Decomposition  is  effected  in  a  flask  by  dilute  H1SO4  in  an  atmos- 
phere of  CO3.  With  limestones  and  active  agitation  no  heat  need  be 
used,  but  with  dolomites  it  will  be  necessary.  The  solution  is  then 
quickly  filtered  through  asbestos  (in  an  atmosphere  of  COs  if  much  iron 
is  present),  the  residue  and  filter  washed  a  few  times  with  water,  and 
the  filtrate  titrated  at  once  with  permanganate.  If  it  is  colored  by 
organic  matter,  the  result  may  be  in  error.  As  above,  HCl  and  titra- 
tion by  KsCrsO?  may  be  used  in  absence  of  manganese  peroxide.  In 
either  case  it  is  important  to  allow  the  acid  to  act  no  longer  than  is 

>  If  a  dstarminatlon  of  ferrous  iron  In  the  Insoluble  residue  U  4«<ir«d  set  V«  S.  Geolofical  Sorfif 
700^  p.  265. 
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necessary  and  to  filter  quickly.  A  determination  of  the  ferrous  iron 
in  the  insoluble  matter  is  usually  not  worth  attempting,  because  of  the 
admixed  organic  matter. 

DETERMINATION  OF  AVAILABLE  LIME. 
Avuiabie  Place  1.4  g.  of  the  carefuDy  prepared  and  finely  groimd  sample 

passing  100  mesh)  in  a  400-cc.  beaker,  add  200  cc.  of  hot  water, 
cover,  heat  carefully,  then  boil  for  three  minutes. 

Cool,  wash  down  cover,  add  two  drops  of  phenolphthalein  and 
titrate  with  normal  hydrochloric  acid,  adding  the  acid  dropwise  as 
rapidly  as  possible  and  stirring  vigorously  to  avoid  local  excess  of  add. 
When  the  pink  color  disappears  in  streaks,  retard  the  rate  of  addition 
of  acid  somewhat,  but  continue  until  the  pink  color  disappears  entirely 
and  does  not  reappear  for  1  or  2  seconds.  Note  the  reading  and 
ignore  the  return  of  color. 

Repeat  the  test,  substituting  for  the  400-cc.  beaker  a  l-Uter 
graduated  flask,  carrying  a  one-hole  stopper  fitted  with  a  short  glass 
tube  drawn  out  to  a  point.  Cool  and  add  dropwise  and  with  vigorous 
stirring  a  quantity  of  acid  5  cc.  less  than  the  amount  added  in  the 
test  previously  made.  Call  the  mmiber  of  cubic  centimeters  used  A. 
Grind  up  any  small  lumps  with  a  glass  rod  flattened  at  one  end,  dilute 
to  the  mark  with  freshly  boiled  distilled  water,  close  the  flask  with  a 
solid  stopper,  mix  thoroughly  for  4  or  5  minutes  and  let  settle  for 
30  minutes. 

Pipette  a  200-cc.  portion,  add  phenolphthalein  and  titrate  slowly 
with  0.5  N  hydrochloric  acid  until  the  solution  remains  colorless  on 
standing  1  minute.  Call  this  additional  number  of  cubic  centi- 
meters of  acid  B,  Calculate  the  percentage  of  available  CaO  from  the 
formula: 

Percentage  of  Available  CaO  ^  2A  +  SB. 

Notes. 

Results  shall  be  reported  on  the  non-volatile  basis. 

Standard  acid  solutions  must  be  standardized  by  the  Bureau  of  Standards 
benzoic  add  No.  48-A.  through  a  sodium  hydroxide  solution. 

preparanon  of  standard  solution  of  potassium 
Permanganate. 

Potastiuin  Prepare  a  solution  of  potassium  permanganate  containing  5.64  g. 

-!J!^**'*'  of  the  pure  crystallized  salt  in  each  Uter.     Such  a  solution  will  be  of 

such  strength  that  1  cc.  will  approximately  equal  0.005  g.  of  CaO 

(Note  25). 


nate. 
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The  best  and  simplest  way  to  prepare  such  a  solution  is  to  weigh 
out  the  required  quantity  of  potassium  permanganate  and  place  in  a 
bottle  containing  the  proper  volimie  of  water  a  week  or  ten  dajrs 
before  the  solution  is  to  be  standardized.  The  bottle  and  its  contents 
must  be  kept  in  a  dark  place  and  shaken  occasionally  for  the  first 
three  or  four  da3rs.  When  ready  for  standardization,  siphon  off  the 
solution  through  a  glass  siphon  into  another  bottle,  leaving  a  depth 
of  about  one  inch  of  solution  undisturbed  in  the  original  bottle  (Note 
26).  Thoroughly  mix  the  solution  in  the  second  bottle  by  shaking 
and  standardize  as  follows  (Note  27) : 

Dissolve  0.5  g.  of  Na^CsOi  (Note  28)  in  a  400-cc.  beaker  with 
200  to  250  cc.  of  hot  water  (80  to  90^  C.)  and  add  10  cc.  of  dilute 
HsSOi  (l  :  l)  to  the  solution.  Titrate  at  once  with  the  permanganate 
solution  being  standardized,  stirring  vigorously  and  continuously. 
Hie  permanganate  solution  must  not  be  added  more  rapidly  than  10 
to  15  cc.  per  minute,  and  the  last  0.5  to  1  cc.  must  be  added  dropwise, 
with  particular  care  to  allow  each  drop  to  be  fully  decolorized  before 
the  next  is  introduced.  The  excess  of  permanganate  solution  necessary 
to  give  the  end  point  color  is  determined  by  running  a  blank  determina- 
tion in  another  beaker  containing  the  same  volimie  of  acid  and  water 
present  in  the  original  beaker,  and  heated  to  the  same  temperature 
(Note  29).  The  value  of  the  permanganate  solution  in  grams  of  CaO 
per  cubic  centimeter  of  solution  may  be  calculated  from  the  following 
equations: 
5Na«Ci04  +  2KMn04  +  8H2SO4  =  5Na«S04  +  K1SO4  +  2MnS04  + 

IOCO1+8H1O. 
5CaCi04  +  2KMn04  +  8H,S04  =  5CaS04  +  K1SO4  +  2MnS04  + 

IOCO1+8H1O. 

NOTBS. 

1.  Ignitions  in  electric  mufifles  are-for  superior  to  flame  ignitions.  If  an  electric 
muffle  is  not  available,  flame  ignition  and  the  blast  lamp  may  be  used. 

2.  If  a  platinum  dish  is  not  available,  porcelain  may  be  used.  A  glass  container 
positively  must  not  be  used. 

3.  Instead  of  strong  add,  that  of  half  strength  may  be  used  and  the  heating 
begun  at  once. 

4.  For  ordinary  control  work  in  the  plant  laboratory  this  correctbn  may, 
perhaps,  be  neglected;  the  double  evaporation  must  never  be  neglected. 

5.  Fusion  with  pyrosulfate  is  to  be  avoided  on  account  of  the  subsequent  intro- 
duction of  sulfates  into  the  solution. 

6.  This  precipitate  may  also  contain  TiOi,  PiOi,  and  MntOi. 

7.  Whefe  the  iron  is  present  in  small  quantities  it  is  rather  unsatisfactory  to 
determine  it  in  the  ignited  oxides  from  the  0.5-g.  sample.  Under  these  conditions 
the  alternative  method  may  be  used. 

8.  The  pyrosttlfates  are  less  troublesome  and  more  effective  than  the  bisulfates. 
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9.  This  correction  for  impurities  should  not  be  made  when  the  hydrofluoric 
acid  correction  of  the  main  silica  determination  has  been  omitted.  After  two 
evaporations,  1  to  2  mg.  of  silica  are  still  to  be  fotmd  with  the  RsO«  precipitate. 

10.  Zinc  will  also  reduce  titanium.  If  this  metal  is  to  be  determined  and 
deducted  from  AltOg,  then  HsS  must  be  used  for  reduction  (boiling  out  the  HsS  in 
a  stream  of  COs  before  titration).  If  titanium  is  not  to  be  determined,  the  slight 
error  introduced  by  its  reduction  with  zinc  is  so  small  as  to  be  negligible  except  in 
the  most  exact  and  detailed  analyses. 

1 1.  The  gravimetric  method  must  be  employed  when  a  recovery  of  aluminum 
is  desired,  or  when  a  determination  of  strontium  is  contemplated. 

12.  Care  must  be  exercised  in  this  washing,  as  1000  cc.  of  boiling  water  will 
dissolve  over  1  eg.  of  CaCtO*. 

13.  The  volumetric  method  may  be  used  for  ordinary  control  work  in  the  plant 
laboratory.  It  must  be  borne  in  mind  that  in  this  method  all  strontium  oxide  is 
reported  as  calcium  oxide. 

14.  Use  not  more  than  125  cc.  for  this  washing. 

15.  The  less  the  amount  uf  tr.a^esium  present,  the  longer  the  precipitate  must 
be  allowed  to  settle. 

16.  Made  by  diluting  NH4OH  with  distilled  water  until  the  solution  contains 
2 J  per  cent  NH|  by  weight.  Three  or  four  drops  of  HNOs  (sp.  gr.  1.42)  are  then 
added. 

17.  When  manganese  is  present  in  the  limestone,  it  will  be  caught  in  large 
part  with  the  magnesium  precipitate.  (See  U.  S.  Geological  Survey  BuUeUn  700, 
p.  134.)  In  case  manganese  was  not  eliminated  before  this  precipitation,  the  weighed 
pyrophosphate  must  be  dissolved  in  HNOi,  tested  for  manganese  with  bismuthate, 
the  manganese  determined  and  deducted  asMnsPtOr. 

18.  This  determination  may  be  made  if  desired  upon  the  0.5-g.  sample  ignited 
for  solution  in  HCl.    See  first  page  of  these  methods  under  "  Treatment  of  Sample. " 

19.  With  burned  lime  and  hydrated  lime  this  determination  may  be  omitted. 
Even  when  made  in  an  atmosphere  free  from  COs  the  dried  sample  absorbs  COs 
sufficiently  rapidly  during  weighing  to  make  the  result  of  questionable  value. 

20.  Boiling  for  one  minute  is  usually  sufficient. 

21.  In  limestones  very  low  in  phosphorus  it  may  be  deemed  desirable  to  con- 
centrate the  phosphorus  from  a  considerable  weight  of  sample.  In  this  case,  pro- 
ceed as  directed  by  P.  Hinden  {ZeiUchr.  Anal.  Chemie,  Vol.  54,  p.  214  (1915)),  as 
follows:  To  the  nitric  add  solution  of  the  large  sample  add  a  few  drops  of  PciiCU 
solution  and  then  NH4OH  until  the  liquid  becomes  slightly  turbid.  Then  add  0.5  g. 
of  pure  precipitated  CaCOs  and  boil  for  five  minutes.  Filter,  dissolve  the  preci- 
pitate in  dilute  HNOt  and  proceed  as  above. 

22.  Titanium  and  vanadium,  which  interfere  in  this  determination,  should  not 
be  encountered  in  appreciable  amounts  in  this  class  of  material. 

Instead  of  the  specified  alkalimetric  titration  method,  the  phosphorus  in  the 
phosphomolybdate  may  be  determined  as  magnesium  pyrophosphate  (U.  S.  Geo- 
logical Survey  Bulletin  700,  pp.  178-179),  or  by  the  reductor  method  (A.  A.  Blair, 
'*  Chemical  Analysis  of  Iron,"  8th  Edition,  pp.  91-92). 

23.  The  persulfate  method  may  be  employed  if  desired. 

24.  The  separation  of  manganese  with  the  R2OJ1  precipitate  by  the  use  of 
bromine  is  not  recommended  on  account  of  the  incompleteness  of  the  precipitation. 
Separation  of  manganese  by  means  of  ammonium  sulfide  after  the  ammonia  precipi- 
tation is  also  undesirable  on  account  of  the  introduction  of  the  reagent  and  the 
•limy  character  of  the  precipitate. 
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See  also  Note  17  ooncerning  the  contamination  of  magnesium  pyrophosphate 
by  manganese  pyrophosphate  and  the  need  of  corrective  measures  when  manganese 
is  present  in  the  material  under  analysis. 

25.  With  high  calcium  limes,  more  than  50  cc.  of  this  solution  will  probably  be 
required  to  titrate  the  liberated  oxalic  add.  In  such  cases  the  use  of  a  larger  burette 
is  to  be  preferred  to  increasing  the  strength  of  the  permanganate  solution. 

26.  The  siphon  should  not  extend  nearer  than  1  in.  from  the  bottom  of  the 
original  bottle. 

27.  This  solution  should  b^  standardized  at  least  once  every  week.  It  will  be 
fotmd  more  convenient  to  make  a  solution  as  above  described  and  standardize  it 
every  week,  than  to  attempt,  by  boiling  and  filtering,  to  make  a  solution  which  will 
not  change. 

28.  Sodium  oxalate  for  standardization  of  potassium  permanganate  solution 
should  be  purchased  from  the  U.  S.  Bureau  of  Standards,  Washington,  D.  C.  This 
material  is  sold  by  the  Bureau  of  Standards  as  Sample  No.  40a. 

29.  When  the  end  point  is  reached,  the  temperature  of  the  solution  should  not 
be  below  60*  C 
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PACKING  AND  MARKING  OF  QUICKLIME 

AND  LIME  PRODUCTS.^ 

Serial  Designation:  C  50-22  T. 

This  is  a  Tentative  Standard  only,  published  for  the  purpose  of  eliciting:  criti- 
cism and  suggestions.  It  is  not  a  Standard  of  the  Society  and  until  its  adoption  as 
Standard  it  is  subject  to  revision. 

Issued,  1922. 

I.    METHOD  OF  SAMPLING. 

A,    General. 

General.  1.  (a)  All  samples  shall  be  taken  in  triplicate  and  immediately 

sealed  in  air-tight,  moisture-proof  containers. 

(6)  One  sample  shall  be  inmiediately  delivered  to  the  consignee; 
one  sample  shall  be  delivered  to  the  consignor  if  requested  within  ten 
days  from  the  date  of  sampling;  the  third  sample  shall  be  retained  with 
Feal  unbroken  until  such  time  as  the  shipment  has  been  accepted  or  a 
referee  test  called  for. 

(c)  Samples  shall  be  of  an  equal  weight  of  not  less  than  5  lb.  each 
when  the  shipment  contains  30  tons  or  more.  For  smaller  shipments, 
the  weights  of  the  samples  may  be  reduced  proportionately,  provided 
that  no  sample  shall  weigh  less  than  2  lb.  except  by  special  agreement  of 
the  contracting  parties. 

(d)  If  the  samples  are  taken  at  any  place  other  than  the  place  of 
manufacture  of  the  material  being  sampled,  such  samples  shall  be 
taken  within  24  hours  of  the  receipt  of  the  shipment. 

(c)  Sampling  shall  be  conducted  as  expeditiously  as  possible  in 
order  to  avoid  undue  exposure  of  the  material  to  the  air. 
(/)  Samples  shall  not  be  taken  from  broken  packages. 

B,    Lump  or  Granular  Material. 

Lump  or  2.  In  Bulk. — Material  shall  be  selected  so  that  it  will  represent 

Materiia  ^^  average  of  all  parts  of  the  shipment,  and  shall  not  contain  a  dis- 
in  Bulk,  proportionate  share  of  the  top  or  bottom  layers.  This  material  shall 
comprise  at  least  ten  shovelfuls  taken  from  diflFerent  parts  of  the  ship- 
ment. The  total  material  so  taken  shall  weigh  not  less  than  100  lb. 
for  a  30-ton  shipment,  with  a  proportionate  quantity  of  material  for 
shipments  of  other  sizes,  provided  that  at  no  time  shall  the  total 
amount  of  material  so  taken  weigh  less  than  50  lb.    It  shall  be  broken, 

>  Critidsins  of  these  TenUtive  Methods  are  solicited  and  rtiould  be  directed  to  Mr.  G.  W.  HutcUn- 
9on,  Secretary  of  Committee  C-7  on  Lime,  North  Carolina  State  Highway  Commission,  Raleigh,  N.  C« 

(7?8) 


Digitized  by 


Google 


Serial  Designation:  C  50-22  T.  729 

if  necessary,  to  pass  a  1-in.  ring,  thoroughly  mixed  and  quartered,  and 
the  triplicate  samples  for  testing  shall  be  taken  from  the  material  so 
drawn  and  prepared. 

3.  In  Packages. — ^At  least  2  per  cent  of  the  packages  shall  be  Lump  or 
sampled,  the  packages  to  be  taken  from  various  parts  of  the  shipment,  SSterfia 
and  at  no  time  shall  less  than  5  packages  be  sampled.    The  contents  in  Packages 
of  each  of  the  packages  so  taken  shall  be  put  in  a  pile,  broken,  if  neces- 
sary, to  pass  a  1-in.  ring,  thoroughly  mixed  and  quartered,  and  the 
triplicate  samples  for  testing  shall  be  taken  from  the  material  so 

drawn  and  prepared. 

C.    Powdered  Material. 

4.  In  Bulk, — ^A  sampling  tube  shall  be  used  which  takes  a  corie  of  Powdered 
not  less  than  1  in.  in  diameter,  and  which  is  of  sufficient  length  to  ^  bSc!^* 
permit  the  taking  of  a  core  from  the  top  to  the  bottom  of  the  mass 

being  sampled.  Cores  shall  be  taken  from  at  least  10  separate  parts 
of  the  shipment.  The  cores  so  taken  shall  be  thoroughly  mixed  and 
quartered,  and  the  triplicate  samples  for  testing  shall  be  taken  from 
the  material  so  drawn  and  prepared.  A  minimum  quantity  of  100  lb. 
shall  be  drawn  for  a  shipment  of  30  tons  of  material,  with  a  propor- 
tionate quantity  of  material  for  shipments  of  other  sizes  provided  that 
at  no  time  shall  less  than  50  lb.  be  drawn  as  the  original  portion. 

5.  In  Packages. — A  sampling  tube  shall  be  used  which  takes  a  core  Powdered 
of  not  less  than  J  in.  in  diameter.    The  tube  shall  be  so  inserted  into  toPMkagei. 
the  package  that  it  shall  pass  substantially  the  entire  length  of  the 
package;   so  as  to  take  a  core  of  the  material  being  sampled  from 
substantially  the  entire  length  of  the  package.    Material  thus  taken 

from  individual  packages  shall  be  thoroughly  mixed  and  quartered, 
and  the  triplicate  samples  for  testing  shall  be  taken  from  the  material 
so  drawn  and  prepared. 

Individual  packages  shall  be  taken  from  various  parts  of  the 
shipment.  At  least  1^  per  cent  of  the  packages  shall  be  sampled,  and 
at  no  time  shall  less  than  5  packages  be  sampled. 

D,    Treatment  of  Sample  at  Laboratory, 

6.  To  be  supplied  by  the  committee.  Treatment  at 

Laboratory. 
II.    INSPECTION. 

7.  When  inspection  and  sampling  are  to  be  conducted  at  the  point  inapectioii. 
of  manufacture,  the  manufacturer  shall  afford  the  inspector  represent- 
ing the  purchaser  all  reasonable  facilities  for  inspection  and  sampling 
which  shall  be  so  conducted  as  not  to  interfere  unnecessarily  with  the 
operation  of  the  works. 


Digitized  by 


Google 


730 


Tentative  Methods  of  Saicpung  Lime. 


III.  REJECTION. 

Rejection.  8.  (a)  Rejection  of  material  based  on  failure  to  pass  the  tests 

prescribed  in  the  specifications  shall  be  reported  within  ten  days 
from  the  taking  of  the  samples,  atid  the  cause  for  rejection  shall  be 
stated. 

(b)  The  samples  which  represent  rejected  material  shall  be  kept 
in  air-tight,  moisture-proof  containers  for  at  least  five  days  from  the 
date  of  the  original  test  report. 

IV.  RETESTING. 

Retesting.  V.  (a)  Either  of  the  contracting  parties  may  make  claim  for  a 

retest  within  five  days  of  the  date  of  the  original  test  report.  The 
expense  of  the  retfest  shall  be  borne  by  the  party  demanding  such 
retest. 

(b)  Should  the  contracting  parties  be  unable  to  reach  a  mutually 
satisfactory  agreement  based  upon  the  results  of  the  original  test, 
the  third  sample  of  material  shall  be  delivered  to  a  referee  laboratory 
for  test  and  the  results  of  this  referee  test  shall  be  binding  on  both 
parties. 

V.    PACKING. 

Packing.  10.  Lump  Lime. — ^Lump  lime  may  be  shipped  in  bulk  in  carload 

lots,  in  wooden  barrels  or  steel  containers  holding  180  lb.  or  280  lb. 
net  each,  or  in  pasteboard  cartons  holding  90  lb.  net  each'. 

11.  Pulverized  Lime. — ^Pulverized  lime  may  be  shipped  in  bulk  in 
carload  lots,  or  in  cloth  or  paper  bags. 

12.  Hydrated  Lime. — ^Hydrated  Lime  shall  be  shipped  in  cloth 
bags  holding  100  lb.  net  each,  or  in  paper  bags  holding  50  lb.  net  each. 

VI.    MARKING. 
Marking.  13.  Each  shipment  of  material  shall  carry  with  it  some  means  of 

identification,  stating  the  particular  contract  on  which  the  purchase 
and  shipment  were  made. 

14.  Each  package  shall  have  legibly  marked  thereon,  the  net 
weight  of  its  contents,  the  name  of  the  manufacturer,  the  place  of 
manufacture,  and  the  brand  name  if  any.  This  marking  shall  comply 
with  all  requirements  of  the  Federal  Lime  Barrel  Act,  entitled  "An 
Act  to  Standardize  Lime  Barrels  (Public  No.  228 — Congress — ^55425)," 
and  with  such  other  Federal  or  State  laws  as  may  be  applicable  to  the 
shipment  in  question. 

15.  In  addition  to  the  above  information,  the  following  guarantee 
may  be  marked  on  each  package  or  shipment:  " Guaranteed  by  (name 
of  manufacturer)  to  meet  the  specifications  of  the  American  Society  for 
Testing  Materials"  for  (napie  of  pip^terial). "  , 
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I. 

Quicklime. — A  calcined  material,  the  major  part  of  which  is  calciun: 
oxide  or  calcium  oxide  in  natural  association  with  a  lesser  amount 
of  magnesium  oxide,  capable  of  slaking  with  water. 

Hydrated  Lime, — A  dry  powder  made  by  treating  quicklime  with 
enough  water  to  satisfy  its  chemical  dfinity  under  the  conditions 
of  its  hydration.  It  consists  essentially  of  calcium  hydroxide  or 
of  a  mixture  of  calcium  hydroxide  and  magnesium  oxide  and 
magnesium  hydroxide. 

II.    SIZES  OP  QUICKLIME. 
Lump  Lime. — Quicklime  as  it  comes  from  the  kilns. 
Lump  Lime  Screened, — ^Lump  lime  which  has  been  screened  or  forked 

so  that  all  of  the  pieces  will  be  retained  on  a  |-in.  sieve. 
Pulverized  Lime. — ^Limip  lime  which  is  of  such  size  that  it  will  all  pass 

a  No.  3  sieve.* 


>  Crittetemt  of  these  Tentetive  Definitions  are  solicited  end  should  be  directed  to  Mr.  G.  W. 
Hutchinson,  Secretsry  of  Committee  C-7  on  Lime,  North  Carolina  State  Highway  Commission, 
Raleigh,  N.  C. 

*  See  specifications  for  U.  S.  Standard  Sieve  Series  in  a  publication  now  being  prepared  to  supersede 
CwaUm  yo.  S»  d  ths  U.  S.  Bureau  of  Standards. 


(73U 


Digitized  by 


Google 


TENTATIVE  DEFINITIONS 

OP 
TERMS  RELATING  TO  THE  GYPSUM  INDUSTRY.' 

Serial  Designation:  C  11  -22  T. 

This  is  a  Tentative  Standard  only,  published  for  the  purpose  of  eliciting  criti- 
cism and  suggestions.  It  is  not  a  Standard  of  the  Society  and  until  its  adoption  as 
Standard  it  is  subject  to  revision. 

Issued,  1916;  Revised,  1921,  1922. 

Accelerator. — The  term  accelerator  shall  apply  to  any  material  or 
substance  which,  when  used  in  stucco,  plaster,  concrete,  etc., 
will  hasten  set  beyond  the  limit  of  testing  error. 

Aggregate, — ^The  term  aggregate  shall  refer  to  the  inert  material  used 
as  filler  in  stucco,  plaster,  mortar,  concrete  mixtures,  etc.,  with- 
out regard  to  its  function  as  a  binding  material. 

Binder, — ^The  term  binder  shall  refer  to  any  fibrous  material  which 
will  increase  the  cohesiveness  of  plaster  and  stucco  while  in  its 
plastic  state. 

CemetU. — ^The  term  cement  applies  to  any  material,  or  a  mixture  of 
such  materials  (without  aggregate)  which',  when  in  a  plastic  state, 
possesses  adhesive  and  cohesive  properties,  and  hardens  in  place. 
The  word  "cement"  is  used  without  regard  to  the  composition 
of  the  material,  and  does  not  define  its  use  or  location  as  do  the 
words  "stucco,"  "plaster"  and  "mortar." 

Consistency, — ^The  term  consistency  is  used  to  denote  the  degree  of 
wetness  of  a  plastic  mixture. 

Lath. — ^The  term  lath  is  used  to  designate  a  material  whose  primary 
fimction  is  that  of  a  base  or  backgroimd  for  the  reception  of 
plaster  or  stucco.  The  word  "lath"  is  used  without  regard  to  the 
composition  of  the  material,  defining  only  its  use. 

Mortar. — ^The  term  mortar  applies  to  any  material  used  in  a  plastic 
state  that  can  be  trowelled,  and  becomes  hard  in  place,  muting 
such  materials  as  brick,  stone,  tile,  gypsum  tile  or  blocks,  terra 
cotta,  etc.,  in  building  walls,  partitions,  colimms,  foundations, 
piers,  floors,  roof  arches,  etc.  The  word  "mortar"  is  used  with- 
out regard  to  the  composition  of  the  material,  defining  its  use  as  a 
bonding  material  as  contrasted  with  the  words  "stucco"  and 
"plaster." 

>  Criticisms  of  these  Tentative  Definitions  are  solicited  and  should  be  directed,  preferably  before 
January  1.  1923,  to  Mr.  V.  G.  Marani,  Secretary  of  Committee  0-1 1  on  Gypsum,  111  W.  Washington 
St.,  Chicago,  m. 
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Plaster. — ^The  term  plaster  applies  to  any  material  used  in  a  plastic 
state  to  form  a  hard  covering  for  the  interior  surfaces,  walls  and 
•  ceilings^  etc.,  of  any  building' or  structure.  The  word  "plaster" 
is  used  without  regard  to  the  composition  of  the  material,  defining 
only  its  use  and  location  of  use  as  contrasted  with  the  words 
"stucco''  and  "mortar." 

Plasticity. — The  term  plasticity  is  used  to  denote  the  yielding  property 
of  a  wet  mixture  to  change  of  form. 

Retarder. — The  term  retarder  appUes  to  any  material  or  substance 
which,  when  used  in  stucco,  plaster,  mortar,  concrete,  etc.,  will 
retard  set  beyond  the  limit  of  testing  error. 

Stucco. — ^The  term  stucco  refers  to  any  material  used  in  a  plastic  state 
to  form  a  hard  covering  for  the  exterior  walls  or  other  exterior 
surfaces  of  any  building  or  structure.  The  word  "  stucco  "  is  used 
without  regard  to  the  composition  of  the  material,  defining  only 
its  use  and  location  of  use,  as  contrasted  with  the  words  "plaster" 
and  "mortar." 

Wood  Fiber. — The  term  wood  fiber  applies  to  a  material  produced  by 
grinding  or  shredding  wood. 
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Serial  Designation:  C  44  -  22  T« 

This  is  a  Tentative  Standard  only,  published  for  the  purpose  of  eliciting  criti- 
cism and  suggestions.  It  is  not  a  Standard  of  the  Society  and  until  its  adoptioi] 
as  Standard  it  is  subject  to  revision. 

Issued,  1922. 

Committee  C-2  on  Reinforced  Concrete  in  presenting  these  Tentative 
Rules  for  Inspection  of  Concrete  and  Reinforced  Concrete  Work  submits,  as  a 
guide  in  selecting  the  inspector,  its  recommendations  as  to  his  qualifications. 
These  recommendations  cannot,  in  fact,  form  a  part  of  the  rules. 

Qualifications  of  an  Inspector. 

The  inspector  should  have  practical  experience  and  an  understanding  of 
the  fundamental  engineering  principles  involved  in  the  construction  to  which 
he  is  assigned ;  he  preferably  should  have  had  technical  training.  The  inspector 
should  keep  abreast  of  developments  by  reading  the  engineering  and  trade  press, 
books  and  monographs  on  the  subject  and  by  attendance  at  meetings  at  which 
concrete  work  is  discussed.  Concrete  and  r^nforced  concrete  construction  is  a 
rapidly-developing  art  and  it  is  imperative  that  the  inspector  should  be  informed 
as  to  the  most  recent  improvements,  if  he  is  to  handle  his  work  intelligently 
and  efficiently. 

Status  of  Inspector. 

1.  The  word  inspector  as  hereinafter  used  is  a  generic  term. 
The  inspector  is  the  authorized  representative  of  the  engineer  who  is 
the  authorized  representative  of  the  owner. 

Note. — A  grave  responsibility  rests  on  the  inspector.  The  success  of  the  con- 
struction may  hinge  on  the  proper  performance  of  what  may  appear  to  be  minor 
features  of  the  work.  In  case  of  careless  or  faulty  construction  which  results  in  loss 
of  life  the  inspector  may  be  charged  with  criminal  negligence. 


>  Criticismi  of  these  Tentative  Rules  are  solicited  and  should  be  directed,  fyreferably  befora  Jan- 
uary  1.  1923,  to  Mr.  Richard  L.  Humphrey.  Chaimian  of  Committae  C-2  on  Raiiiforead  GoBcretc. 
805  Harriaon  BuUdlng.  Philad«li»Ua,  Pa. 
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Responsibilities  and  General  Duties  of  Inspector. 

2.  It  is  the  duty  of  the  inspector  to  see  that  the  work  is  executed 
in  full  accordance  with  the  plans  and  specifications. 

3.  The  inspector  will  be  provided  with  complete  plans  and 
specifications  for  the  work  and  shall  familiarize  himself  with  all  their 
requirements. 

NoTB. — ^The  inspector  should  read  and  check  off  all  dimensions  and  notes  on 
the  plans  and  list  aU  special  requirements  in  connection  with  the  work  to  which 
they  apply;  when  in  doubt  he  should  obtain  instructions  sufficiently  in  advance  of 
the  work  to  avtnd  delay. 

4.  The  inspector  shall  familiarize  himself  with  the  Building  Code 
or  Regulations  under  which  the  work  is  being  done,  including  all 
special  rulings,  which  have  a  bearing  on  the  type  of  construction  under 
way. 

NoTB. — The  inspector  should  be  familiar  with  auxiliary  specifications  and  the 
comnxm  tests  for  suitability  of  the  materials  used  in  concrete  and  reinforced  con<- 
crete  work,  such  as; 

(a)  Standard  Specifications  and  Tests  for  Portland  Cement. 

(6)  Standard  Specifications  for  Concrete  Reinforcement  Bars/etc. 

5.  The  inspector  shall  be  on  the  work  at  all  times  when  it  is  in 
progress. 

6.  The  inspector  shall  not  permit  work  to  proceed  until  requisite 
lines  and  levels  have  been  established. 

7.  The  inspector  is  authorized  to: 

(a)  Forbid   use   of  materials  or  workmanship   which  do  not 

conform  to  specifications; 
(ft)  Stop  any  work  which  is  not  being  done  in  accordance  with 

the  plans  and  specifications; 
(c)   Require,  with  the  approval  of  the  engineer,  the  removal  or 

repair  of  faulty  construction. 

8.  The  inspector  shall  immediately  report  to  his  immediate  su- 
perior any  action  taken  by  him  under  Rule  7. 

9.  The  inspector  shall  report  at  once  to  his  immediate  superior 
any  discrepancies  in  plans  or  specifications  that  may  come  to  his 
attention  and  request  instructions. 

10.  The  inspector  shall  not  permit  any  departure  from  plans  or 
specifications  without  written  instructions  from  his  immediate  superior. 

11.  The  inspector  shall  record  and  report  daily  the  following 
information: 

(a)  Date; 

(ft)  Location  of  work  under  way; 

(c)   Name  of  contractor; 
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(d)  Delivery,  installation,  and  removal  of  contractor's  equipment ; 

(e)  Number  and  classification  of  laborers,  teams,  plant,  etc., 

in  use; 

(f)  Materials  received  and  on  hand; 

(g)  Inspection  and  location  of  forms   erected   and   completed 

reinforcement  in  place; 
(A)'  Location  and   approximate   quantities   of  concrete  placed 

and  bags  of  cement  used; 
(t)    Time  of  commencement  and  completion  of  placing  concrete; 
(7)  Number  and  location  of  samples  taken; 
(k)  Nature  and  time  of  any  control  tests  made; 
(0    Forms  removed; 
(m)  All  items  on  force  account  work; 
(n)  Weather    conditions,    and    temperature     readings    taken 

morning,  noon  and  evening,  including  also  the  maximum 

and  minimum  temperatures  during  each  preceding  period; 
(0)  Material  rejected  or  work  condemned  under  Rule  7; 
(p)  Disposition  of  rejected  materials; 
(q)  Any  special  instructions  given  to  contractor; 
(f)   Any  imusual  features  of  the  day's  work; 
(5)   Signature  of  inspector. 

Note. — ^It  is  not  expected  that  the  inspector  shall  act  as  time-keeper  or  materials 
clerk,  but  will  record  the  data  called  for  and,  so  far  as  possible,  indicate  the  source 
of  the  information.  For  convenience,  the  inspector  should  be  supplied  with  printed 
forms  for  daily  reports. 

12.  The  inspector  shall  procure,  at  the  expense,  of  the  owner, 
photographs  taken  at  frequent  intervals  to  show  the  progress  of  the 
work. 

13.  The  inspector,  on  force  account  work,  shall  check  over  with 
the  authorized  representative  of  the  contractor,,  at  the  close  of  each 
day's  work,  all  items  included  therein. 

NoTB. — It  is  desirable  to  have  printed  forms  on  which  the  above  can  be  reported 
daily  and  signed  by  the  inspector  and  by  the  contractor's  authorized  representative. 

Excavation  and  Foundation. 

14.  The  inspector  shall  examine  the  finished  excavation  and 
determine  whether  it  is  down  to  the  level  specified  and  see  that  the 
material  on  which  the  foundation  is  to  rest  is  in  accordance  with  the 
plans  and  specifications.  If  excavation  is  to  go  to  rock  he  shall  see  that 
the  surface  of  the  rock  is  sound  and  completely  exposed.  He  shall 
secure  the  approval  of  the  engineer  before  permitting  concrete  to  be 
placed. 
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15.  The  inspector  shall  see  that  the  required  number  of  piles  are 
driven,  each  in  its  proper  location  and  to  the  penetration  required  by 
the  specifications. 

16.  The  inspector  shall  check  the  piles  in  each  group  after  driving 
and  should  report  any  pile  which  is  materially  out  of  line.  He  shall 
keep  a  record  of: 

(a)  Method  of  driving; 
(ft)  Type  of  pile; 
(c)  Length  of  pile; 
{d)  Diameter  of  pile; 

(e)  Total  depth  of  penetration; 
(/)  Type  and  weight  of  hammer; 

(g)  Drop  of  hammer  under  last  five  blows; 

(A)  Penetration  of  pile  imder  last  five  blows; 

(f)  Number  of  piles  driven; 
(jD  Number  of  piles  specified; 
(k)  Length  of  pile  under  cutoff. 

17.  The  inspector  shall  see  that  there  are  no  pockets  in  the  con- 
crete and  that  excessive  laitance  *is  removed. 

18.  The  inspector  shall  see  that  the  requirements  of  the  specifica- 
tions for  placing  concrete  under  water  are  strictly  followed.  In  the 
absence  of  specifications,  standard  methods  shall  be  used. 

NoTB. — ^In  pladng  concrete  tinder  water  it  is  highly  important  that  extra  pre- 
cautions be  taken  by  the  contractor  to  execute  the  work  properly  in  order  that  the 
concrete  may  have  adequate  density,  be  free  from  segregations,  or  the  washing  out 
of  any  of  the  materials,  and  to  avoid  exposure  of  freshly  deposited  concrete  to  the 
water. 

Materials. 

19.  The  inspector  shall: 

(a)  Inspect  and  identify  each  lot  of  material  upon  its  receipt 
on  the  work; 

(ft)  Keep  a  careful  watch  of  aggregates,  especially  if  the  source 
of  supply  is  changed  from  time  to  time; 

(c)  See  that  aggregates  are  clean  and  properly  graded. 

(i)  See  that  aggregates  are  free  from  vegetable  or  animal 
matter  as  determined  by  the  colorimetric  test  described 
in  the  Standard  Method  of  Test  for  Organic  Impurities  in 
Sands  for  Concrete  (Serial  Designation:  C  40)  of  the 
American  Society  for  Testing  Materials.^ 

(e)  See  that  materials  are  properly  stored  on  the  work. 


» AJLT.M.  Staadardt  Adopted  m  1922. 
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NoTB. — The  cement  should  be  properly  piled  and  tagged;  and  housed  in  such 
a  manner  as  to  protect  it  from  the  weather. 

Aggregates  should  be  piled  in  such  a  manner  as  to  insure  them  against 
intermingling  of  foreign  materials. 

Metal  reinforcement  should  be  stored  preferably  under  shelter. 

20.  The  inspector  shall  observe  the  following  in  selecting  samples 
where  tests  of  concrete  materials  are  required  under  the  specifications: 

(a)  Secure  at  least  a  20-lb.  sample  of  fine  aggregate; 

(b)  Secure  at  least  a  50-lb.  sample  of  coarse  aggregate; 

(c)  Give  complete  information  concerning  the  sample  (both  on 

the  inside  and  on  the  outside  of  the  package) ;   . 

(d)  Samples  shall  be  shipped  in  a  strong  sack  or  tight  box;  if  a 

sack  is  used  it  shall  be  clean. 

Note. — Tests  on  materials  are  worthless  unless  sampling  is  properly  done. 
Particular  care  must  be  used  in  sampling  aggregates  under  the  following  conditions: 

(a)  Aggregates  in  undeveloped  pits; 

(b)  Coarse  aggregate  in  cars  or  stock  piles; 
(e)  Rock  in  native  ledges. 

Note. — The  method  of  selecting  test  samples  shall  be  as  described  in  the 
Standard  Methods  of  Sampling  Stone,  Slag,  Gravel,  Sand,  and  Stone  Block  for 
Use  as  Highway  Materials  (Serial  Designation:  D  75)  of  the  American  Society  for 
Testing  Materials.^ 

Metal  Reinforcement. 

21.  The  inspector  shall  see  that  the  metal  reinforcement,  before 
being  positioned,  is  cleaned  of  mill  and  rust  scale,  and  of  coatings  of 
any  character  that  may  destroy  or  reduce  the  bond.  He  shall  reject 
reinforcement  appreciably  reduced  in  section.  If  there  is  delay  in 
depositing  concrete  he  shall  re-inspect  the  reinforcement  and  when 
necessary  shall  see  that  it  is  cleaned. 

22.  The  inspector  shall  see  that  the  required  bending  of  bars  is 
uniformly  and  accurately  done. 

Note. — ^Bends  can  be  more  uniformly  and  accurately  made  by  machine  than  by 
hand.  In  case  a  considerable  number  of  bars  are  to  be  bent  alike,  it  is  advisable  to 
bend  one,  put  it  in  position  and  check  the  bends  before  bending  the  others,  to  insure 
proper  location  and  degree  of  bends. 

23.  The  inspector  shall  see  that  the  reinforcement  is  of  the 
specified  size,  bent  in  accordance  with  the  specifications,  and  properly 
positioned  in  the  forms  before  placing  the  concrete. 

im^NoTB. — ^The  inspector  should  not  wait  until  the  metal  reinforcement  has  been 
wired  substantially  in  place  before  passing  on  the  correctness  of  its  position,  but 
should  inspect  the  reinforcement  during  its  placing. 

>  A.S.T.M.  StMMUrdt  Adopted  ia  1922. 
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The  inspector  should  inform  himself  as  to  the  details  for  the  placing  of  the  rein- 
forcement, especially  as  to  size,  length,  bending,  laps,  and  splices,  and  in  case  ot 
doubt  should  secure  instructions. 

24.  The  inspector  shall  see  that  the  bars  are  rigidly  secured  and 
that  they  are  not  displaced  during  the  placing  of  the  concrete. 

25.  The  inspector  shall  see  that  all  joints  and  splices  in  metal 
reinforcement  are  located  and  made  in  full  accordance  with  the 
specifications. 

Mixing  and  Placing  of  Concrete. 

26.  The  inspector,  in  order  to  secure  the  proportions  and  mixing 
required  by  the  specifications,  shall: 

(a)  Check  the  capacity  of  wheelbarrows  or  other  measuring 

devices,  and  see  that  the  method  of  loading  them  will 
secure  uniformly 'the  specified  proportions; 

(b)  Record  total  quantities  of  cement  and  aggregates  used; 

(c)  See  that  the  specified  consistency  is  maintained  throughout 

the  work; 

(d)  See  that  the  time  of  mixing  is  that  specified; 

(e)  See  that  changes  in  proportions  and  consistency,  ordered  by 

his  immediate  superior,  are  carried  out; 
(/)  See  that  the  samples  required  for  tests  of  concrete  are 
taken  as  provided  in  the  Standard  Method  of  Making 
and  Storing  Specimens  of  Concrete  in  the  Field  (Serial 
Designation:  C  31)  of  the  American  Society  for  Testing 
Materials.^ 

27.  The  inspector  shall  see  that  the  concrete  is  placed  in  accord- 
with  the  specifications,  and  specifically  that: 

(a)  The  method  of  conveying  the  concrete  is  as  specified;  or 
.  .     ,    in.tjiie  ab3ence  of  specifications  that  it  is  such  as  to  avoid 

segregation  or  the  formation  of  excessive  laitance; 
(6)   The  concrete  is  placed  in  the  form  as  near  as  possible  to 
the  poiM  of  its  final  location  and  is  not  permitted  to  flow 
'     '  long  distances  in  the  form; 

(c)  It  is  properly  spaded  or  tamped  so  as  to  fill  the  forms  and 
"  kilrround  the  reinforcement ; 

(d)  It  is  properly  spaded  or  forked  to  keep  the  coarse  aggre- 
gate  away  from  the  forms  so  as  to  insure  a  smooth 
surface;  • 


ance 
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{e)  The  concrete  is  placed  continuously  without  undue  delay  in 
each  unit  of  the  structure; 

(/)  Construction  joints  are  made  in  accordance  with  the  specifi- 
cations; in  the  absence  of  specifications,  that  written 
instructions  are  obtained  from  his  immediate  superior. 

(g)  The  concrete  is  poured  in  a  continuous  operation  between 
construction  joints; 

(h)  Where  night  work  is  necessary,  adequate  precautions  as  to 
lighting,  etc.,  are  taken; 

(i)  All  anchor  bolts,  inserts,  pipe  sleeves,  wiring,  drainage  pipes, 
flashings,  conduits  and  other  fixtures  are  in  position  as 
required  by  the  plans  and  specifications  before  the  concrete 
is  placed;  and  that  conduits  and  other  eqtupment  are 
built  into  the  slab  in  such  a  manner  as  not  to  affect  the 
position  of  metal  reinforcement  or  weaken  the  member  at 
critical  sections; 

(j)  The  specified  precautions  are  strictly  observed  when  it  is 
necessary  to  place  concrete  in  cold  weather; 

(k)  A  prompt  report  is  made  where  conditions  require  additional 
fittings  or  where  installations  not  called  for  in  the  speci- 
fications should  be  in  position  before  the  concrete  is 
placed. 

28.  The  inspector  shall  see  that  the  freshly-placed  concrete  is 
protected  and  kept  moist  in  accordance  with  the  specifications. 

Note. — Proper  curing  of  the  concrete  is  particularly  important  in  floors  or 
stairs  where  the  concrete  is  not  entirely  covered  by  forms.  This  single  precaution 
may  add  as  much  as  50  per  cent  to  the  crushing  strength  of  concrete,  greatly  increase 
resistance  to  wear,  and  prevent  ''dusting"  of  floors. 

FORHS. 

29.  The  inspector  shall  examine  the  forms  before  placing  con- 
crete and: 

(a)  Check  same  as  to  location  and  dimensions: 

(b)  See  that  the  surface  of  the  form  is  oiled  or  wetted  in  accord- 

ance with  the  specifications; 

(c)  Report  immediately  any  seeming  lack  of  strength  in  forms 

which  would  permit  bulging  or  sagging  between  supports; 

NoTB. — This  pressure  amotmts  to  over  100  lb.  per  sq.  ft.  of  surface  for  each 
foot  of  depth,  where  the  form  is  filled  in  forty  minutes  or  less.  It  is  very  difikult 
and  usually  impossible  with  the  equipment  available  to  force  a  form  back  into  posi- 
tion after  it  has  shifted  or  sagged  out  of  place  while  being  fiUed. 
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{d)  See  that  the  column  and  girder  forms  are  straight  and 

properly  aligned; 
(e)   See  that  foreign  materials,  such  as  chips,  blocks,  and  shavings 

are  removed  from  forms  before  concrete  is  placed. 

Removal  of  Forms. 

30.  The  inspector  shall  see  that  the  forms  are  removed: 

(a)  At  the  time  and  in  the  manner  required; 

(b)  With  care  so  as  not  to  injure  the  structure  or  mar  the 

surface  of  the  concrete. 

31.  The  inspector  shall  see  that: 

(a)  The  forms  are  not  removed  imtil  the  concrete  has  hardened 

sufficiently  for  safety; 

(b)  Special  precautions  are  taken  to  protect  the  concrete  during 

cold  weather; 

NoTB. — Concrete  hardens  very  slowly  at  a  temperattire  below  50®  P.  and  setting 
action  is  scarcely  perceptible  at  temperatures  below  40**  P.  The  time  during  which 
the  concrete  has  been  exposed  to  temperatures  below  40®  P.  should  be  added  to  the 
periods  stated  in  the  schedule  in  determining  the  time  of  removal  of  forms.  The 
effect  of  cold  weather  on  the  strength  of  concrete  is  well  illustrated  in  Bulletin  SI 
of  the  Engineering  Eacperiment  Station  of  the  University  of  Illinois  on  "Influence  of 
Temperature  on  the  Strength  of  Concrete,"  by  A.  B.  McDaniel. 

(c)  Any  uncertainty  as  to  the  conditions  affecting  the  removal 

of  forms  is  promptly  reported  to  his  immediate  superior; 

(d)  Defects  in  the  surface  of  the  concrete  are  repaired  promptly 

upon  the  removal  of  forms; 

(e)  Heavy  loading  on  green  concrete  is  not  permitted. 
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TENTATIVE  SPECIFICATIONS 

FOR 

RAW  TUNG  OIL,' 

Serial  Designation:  D  12-22  T. 

This  is  a  Tentative  Standard  only,  published  for  the  purpose  of  eliciting 
criticism  and  suggestions.  It  is  not  a  Standard  of  the  Society  and  until  its 
adoption  as  Standard  it  is  subject  to  revision. 

Issued,  1922. 

I.  PROPERTIES  AND  TESTS. 

1.  Raw  tung  oil  shall  conform  to  the  following  requirements: 

Maximum.  Miximdm. 

Specific  gravity  at  15.5*' C, 0.943  0.939 

15.5** 

Add  number  (Alcohol-Benzol) 7  

Saponification  number 195  190 

Unsaponifiable  mattef,  per  cent 0.75  

Refractive  index  at  25**  C 1 .520  1.515 

Iodine  number  (Wijs) 163 

Heating  test,  minutes 12  

II.  METHODS  OF  TESTING. 

.  Solutions  Required. 

2.  The  following  reagents  will  be  required: 

Standard  Sodium  Tkiosulfale  Solution, — ^Dissolve  pure  sodium 
thiosulfate  in  distilled  water  that  has  been  well  boiled  to  free  it  from 
carbon  dioxide  in  the  proportion  so  that  24.83  g.  crystallized  sodium 
thiosulfate  will  be  present  in  1000  cc.  of  the  solution.  It  is  best  to 
let  this  solution  stand  for  about  two  weeks  before  standardizing. 
Standardize  with  pure  resublimed  iodine.  (See  Treadwell-Hall, 
Analytical  Chemistry,  Vol.  II,  third  edition,  p.  646.)  This  solution 
will  be  approximately  N/10  and  it  is  best  to  leave  it  as  it  is  after 
determining  its  exact  iodine  value,  rather  than  to  attempt  to  adjust 
it  to  exactly  N/10  strength.  Preserve  in  a  stock  bottle  with  a  guard 
tube  filled  with  soda  lime. 

'  Criticisms  of  these  Tentative  Specifications  are  solicited  and  should  be  directed,  preferably 
before  January  1,  1923.  to  Mr.  R.  L.  Hallett,  Secretary  of  Committee  D-l  on  Preservative  Coatings 
for  Structural  Materials.  129  York  St.,  Brooklyn.  N.  Y. 

These  specifications,  when  adopted  as  standard,  will  supersede  the  present  Standard  Specifications 
for  Purity  of  Raw  TunR  Oil  (Serial  Designation:   D  12  -  16).  1 92 1  Book  of  A.S.T.M.  Standards. 

(742) 
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Starch  Solution. — Stir  up  2  to  3  g.  of  potato  starch  or  5  g.  soluble 
starch  with  100  cc.  of  1-per-cent  salicylic  add  solution,  add  300  to 
400  cc.  boiling  water,  and  boil  the  mixture  until  the  starch  is  prac- 
tically dissolved.     Dilute  to  1  liter. 

Potassium  Iodide  Solution. — ^Dissolve  150  g.  of  potassium  iodide 
free  from  iodate  in  distilled  water  and  dilute  to  1000  cc. 

lodine-Monochloride  Solution. — ^Dissolve  iodine  in  glacial  acetic 
add  that  has  a  melting  point  of  14.7  to  15^  C.  and  is  free  from  reducing 
impurities  in  the  proportion  so  that  13  g.  of  iodine  will  be  present  in 
1000  cc.  of  the  solution.  The  preparation  of  the  iodine-monochloride 
solution  presents  no  great  difficulty,  but  it  shall  be  done  with  care  and 
accuracy  in  order  to  obtain  satisfactory  results.  There  shall  be  in 
the  solution  no  sensible  excess  either  of  iodine  or  more  particularly 
of  chlorine,  over  that  required  to  form  the  monochloride.  This 
condition  is  most  satisfactorily  attained  by  dissolving  in  the  whole 
of  the  acetic  add  to  be  used  the  requisite  quantity  of  iodine,  using  a 
gentle  heat  to  assist  the  solution,  if  it  is  found  necessary.  Set  aside 
a  small  portion  of  this  solution,  while  pure,  and  pass  dry  chlorine  into 
the  remainder  until  the  halogen  content  of  the  whole  solution  is 
doubled.  Ordinarily  it  will  be  found  that  by  passing  the  chlorine 
into  the  main  part  of  the  solution  until  the  characteristic  color  of  free 
iodine  has  just  been  discharged,  there  will  be  a  slight  excess  of  chlorine, 
which  is  corrected  by  the  addition  of  the  requisite  amount  of  the  un- 
chlorinated  portion  until  all  free  chlorine  has  been  destroyed.  A 
slight  excess  of  iodine  does  little  or  no  harm,  but  excess  of  chlorine 
must  be  avoided. 

Chloroform.— Should  be  U.  S.  P. 

Standard  Sodium  Hydroxide  Solution. — Prepare  a  stock  concen- 
trated solution  of  sodium  hydroxide  by  dissolving  NaOH  in  water  in 
the  proportion  of  200  g.  NaOH  to  200  cc.  water.  Allow  this  solution 
to  cool  and  settle  in  a  stoppered  bottle  for  several  days.  Decant  the 
clear  liquid  from  the  predpitate  of  sodium  carbonate  into  another 
dean  bottle.  Add  clear  barium  hydroxide  solution  until  no  further  pre- 
dpitate forms.  Again  allow  to  settle  until  clear.  Draw  off  about 
175  cc.  and  dilute  to  10  liters  with  freshly  boiled  distilled  water. 
Preserve  in  a  stock  bottle  provided  with  a  large  guard  tube  filled  with 
soda  lime.  Determine  the  exact  strength  by  titrating  against  pure 
benzoic  acid  (CeHjCOOH)  using  phenolphthalein  as  indicator.  (See 
Bureau  of  Standards  Scientific  Paper  No.  183.)  This  solution  will 
be  approximately  N/4,  but  do  not  attempt  to  adjust  it  to  any  exact 
value.  Determine  its  exact  strength  and  make  proper  corrections 
in  using  it. 
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Alcoholic  Sodium  Hydroxide  SoluHon.—Bissolve  pure  NaOH  in 
9S-per-cent  ethyl  alcohol  in  the  proportion  of  about  22  g.  per  1000  cc. 
Let  stand  in  a  stoppered  bottle.  Decant  the  clear  liquid  into  another 
bottle,  and  keep  well  stoppered.  This  solution  should  be  colorless  or 
only  slightly  ydlow  when  used ;  it  will  keep  colorless  longer  if  the  alco- 
hol is  previously  treated  with  NaOH  (about  80  g.  to  1000  cc.),  kept  at 
about  50^  C.  for  15  days,  and  then  distilled.  For  an  alternate  method 
see  Journal,  American  Chemical  Society,  1906,  p.  395. 

Half  Normal  Sulfuric  Acid  SoluHon.— Add  about  15  cc.  H1SO4 
(sp.  gr.  1.84)  to  distilled  water,  cool  and  dilute  to  1000  cc.  Determine 
the  exact  strength  by  titrating  against  freshly  standardized  NaOH 
or  by  any  other  accurate  method.  Either  adjust  to  exactly  N/2 
strength  or  leave  as  originally  made,  applying  appropriate  correction. 

Methods. 

Methodiof  3.  The  oil  shall  be  tested  in  accordance  with  the  following  methods: 

etiiiif .  General. — ^The  laboratory  sample  shall  be  thoroughly  mixed  by 

shaking,  stirring,  or  pouring  from  one  vessel  to  another  and  the  samples 
for  the  individual  tests  taken  from  this  thoroughly  mixed  sample. 

Specific  Gravity. — ^Use  a  pyknometer  accurately  standardized  and 
having  a  capacity  of  at  least  25  cc,  or  any  other  equally  accurate 
method,  making  the  test  at  15.5®  C,  water  being  1  at  15.5®  C. 

Acid  Number. — ^Weigh  from  5  to  10  g.  of  the  oil.  Transfer  to  a 
300-cc.  Erlenmeyer  flask.  Add  50  cc.  of  a  mixture  of  equal  parts 
by  volume  of  95-per-cent  ethyl  alcohol  and  c.  p.  reagent  benzol. 
(This  mixPure  should  be  previously  titraied  to  a  very  faini  pink  with 
dilute  alkali  solution^  using  phenolphthalein  as  an  indicator).  Add 
phenolphthalein  indicator  and  titrate  at  once  to  a  faint  permanent 
pink  color  with  the  standard  sodium  hydroxide  solution.  Calculate 
the  add  number  (milligrams  KOH  per  gram  of  oil). 

Saponification  Number. — ^Weigh  about  2  g.  of  the  oil  in  a  300-cc. 
Erlenmeyer  flask.  Add  25  cc.  alcoholic  sodium  hydroxide  solution. 
Put  a  condenser  loop  inside  the  neck  of  the  flask  and  heat  on  the 
steam  bath  for  one  hour.  Cool,  add  phenolphthalein  as  indicator, 
and  titrate  with  N/2  HsS04.  Run  two  blanks  with  the  alcoholic 
sodium  hydroxide  solution.  These  should  check  within  0.1  cc.  N/2 
HsS04.  From  the  difference  between  the  number  of  cubic  centimeters 
of  N/2  HsSOi  required  for  the  blank  and  for  the  determination, 
calculate  the  saponification  number  (milligrams  KOH  required  for 
1  g.  of  the  oil). 

Unsaponifiable  Matter.— Weigh  8  to  10  g.  of  the  oil.  Transfer 
to  a  250-cc.  lonj2[-neck  flask.  Add  5  cc.  of  strong  solution  of  sodium 
hydroxide  (equal  weights  of  NaOH  and  H|0),  and  SO  cc.  95^>er-cent 
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ethyl  alcohol.  Put  a  condenser  loop  inside  the  neck  of  the  flask  and 
boil  for  two  hours.  Occasionally  agitate  the  flask  to  break  up  the 
liquid  but  do  not  project  the  liquid  onto  the  sides  of  the  flask.  At 
the  end  of  two  hours  remove  the  condenser  and  allow  the  liquid  to 
boil  down  to  about  25  cc. 

Transfer  to  a  500-cc.  glass-stoppered  separatory  funnel,  rinsing 
with  water.  Dilute  with  water  to  250  cc,  add  100  cc.  redistilled  ether. 
St(^per  and  shake  for  one  minute.  Let  stand  until  the  two  layers 
separate  sharp  and  clear.  Draw  all  but  one  or  two  drops  of  the 
aqueous  layer  into  a  second  500-cc.  separatory  funnel  and  repeat  the 
process,  using  60  cc.  of  ether.  After  thorough  separation  draw  off  the 
aqueous  solution  into  a  400-cc.  beaker,  then  the  ether  solution  into  the 
first  separatory  funnel,  rinsing  down  with  a  little  water.  Return  the 
aqueous  solution  to  the  seond  separatory  funnel  and  shake  out  again 
with  60  cc.  of  ether  in  a  similar  manner,  finally  drawing  the  aqueous 
solution  into  the  beaker  and  rinsing  the  ether  into  the  first  separatory 
funnel. 

Shake  the  combined  ether  solution  with  the  accumulated  water 
rinsings  and  let  the  layers  separate  sharp  and  clear.  Draw  off  the 
water  and  add  it  to  the  main  aqueous  solution.  Shake  the  ether 
solution  with  two  portions  of  water  (about  25  cc.  each).  Add  these 
to  the  main  water  solution. 

Swirl  the  separatory  funnel  so  as  to  bring  the  last  drops  of  water 
down  to  the  stopcock,  and  draw  off  until  the  ether  solution  just  fills 
the  bore  of  the  stopcock.  Wipe  out  the  stem  of  the  separatory 
funnel  with  a  bit  of  cotton  on  a  wire.  Draw  the  ether  solution  (por- 
tionwise  if  necessary)  into  a  250-cc.  flask  and  distill  off.  While  stiU 
hot,  drain  the  flask  into  a  small  weighed  beaker,  rinsing  with  a  little 
ether.     Evaporate  this  ether,  cool  and  weigh. 

NoTB. — ^The  unsaponifiable  oil  from  adulterated  drying  oils  is  volatile  and  will 
evaporate  on  long  heating.  Therefore  heat  the  beaker  on  a  warm  plate,  occasionally 
blowing  out  with  a  current  of  dry  air.  Discontinue  heating  as  soon  as  the  odor 
of  ether  is  gone. 

Refractive' Index. — Use  a  properly  standardized  Abb6  refrac- 
tometer  at  25^  C,  or  any  other  equally  accurate  instrument. 

Iodine  Number. — ^Place  a  smsdl  quantity  of  the  sample  in  a  small 
weighing  burette  or  beaker.  Weigh  accurately.  Transfer  by  dropping 
from  0.16  to  0.19  g.  to  a  500-cc.  bottle  having  a  well-groimd  glass 
stopper,  or  an  Erlenmeyer  flask  having  a  specially  flanged  neck  for 
the  iodine  tests.  Reweigh  the  burette  or  beaker  and  determine  the 
amount  of  sample  used.  Add  10  cc.  of  chloroform.  Whirl  the  bottle 
to  dissolve  the  sample.  Add  10  cc.  of  chloroform  to  each  of  two  empty 
bottles  like  that  used  for  the  sample.    Add  to  each  bottle  25  cc-  of  the 
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S  cc.  Sample -^..l"  -u^. 

i  § 
:  ^ 


_      -m"     S  cc.  Tung  Oil 


Cottonseed  or 
Soya  Bean   _^  y  Sc 

Oil " 


10  cm. >1 

Vertical     Section. 


-  SPECIFICATfONS  — 

A.  Beaker  Glass,  800  cc.  D.   Test  Tubes  f  /Scm,  x  16  mm. 

B.  Cover  Plate  (Iron  or  Wood.)         E,    Thermometer,- Smail  Range. 

C.  Co/far  Support  ( Rubber  F.     Glass  Rodsj  (3mm.  with 

Stopper  No.  6.)  Cork  Stoppers.) 

Pig.  l.—Tung  Oil  Heat  Test  Apparatus  (Revised  1920). 

Note:    Collars  C  may  be  omitted  and  tubes  supported  in  present  place  by  aid  of  wire 
^auze  plac^  in  bottom  o(  o\\  bath  and  rating  on  bottom  of  heal^er. 
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Wijs  solution  and  let  stand  with  occasional  shaking  for  30  minutes 
in  a  dark  place  at  a  temperature  of  from  21  to  23*^  C.  Add  10  cc. 
of  the  15-per-cent  potassium  iodide  solution  and  100  cc.  of  water,  and 
titrate  with  standard  sodium  thiosulfate  using  starch  as  the  indicator. 
The  titrations  on  the  two  blank  tests  should  agree  within  0.1  cc. 
From  the  difference  between  the  average  of  the  blank  titration  and  the 
titration  on  the  samples  and  the  iodine  value  of  the  thiosulfate  solu- 
tion, calculate  the  iodine  number  of  the  samples  tested.  (Iodine 
nxmiber  is  given  in  centigrams  of  iodine  to  1  g.  of  sample.)* 

Heating  Test, — Test  tubes  containing  the  oil  should  be  15  cm.  by 
16  mm.,  with  a  mark  near  the  bottom  to  indicate  5  cc,  and  closed  by  a 
cork  so  perforated  that  a  glass  rod  3  mm.  in  diameter  can  move  freely. 

Fill  an  800-cc.  glass  beaker  (height,  13  cm.;  diameter,  10  cm.),  with 
cottonseed  oil  or  soya  bean  oil  to  a  height  of  7.5  cm.  Place  a  thermo- 
meter so  as  to  be  1.5  cm.  from  the  bottom  of  the  bath.     (See  Fig.  1.) 

Use  a  nitrogen-filled,  chemical  thermometer;  engraved  stem; 
total  length  4  to  4|  in.,  graduated  from  210  to  310*^  C.  in  2^  inter- 
vals; the  length  between  210  and  310°  C.  not  less  than  2\  in. 
Thermometer  glass  shall  be  well  annealed. 

When  the  bath  temperature  is  293°  C.  (560°  F.)  and  very  slowly 
rising  at  this  point,  place  the  tube  containing  5  cc.  of  the  oil  to  be  tested 
and  the  tube  containing  5  cc.  of  a  control  sample  of  known  value,  so 
that  the  bottom  of  each  tube  is  level  with  the  lowest  part  of  the  bulb  of 
the  thermometer.  If  desired,  the  collars  C  may  be  omitted  and  the 
tubes  allowed  to  rest  upon  a  piece  of  wire  gauze  placed  in  the  bottom 
of  the  oil  bath  so  that  the  tubes  will  be  1.5  cm.  from  the  bottom  of  the 
bath.  Note  the  time.  Remove  the  source  of  heat  for  about  45  seconds 
and  then  reapply.  Before  2  minutes  have  elapsed  the  temperature  of 
the  bath  will  have  fallen  to  282°  C.  (530°  F.),  at  which  pomt  it  should 
be  kept  as  steady  as  possible.  When  the  samples  have  been  in  the  bath 
9  minutes,  raise  the  glass  rods  at  intervals  of  \  minute.  Note  the  time 
when  each  sample  becomes  firmly  set.  At  this  period  the  oil  will  be 
so  stiff  that  the  entire  tube  may  be  lifted  by  aid  of  the  rod  if  the  collar 
C  is  omitted  from  the  apparatus.  As  setting  or  jellying  takes  place 
within  a  few  seconds  of  fluidity,  a  good  end  determination  is  afforded. 
Remove  the  specimens.  Heat  the  bath  again  to  293°  C,  and  repeat 
the  experiment  with  fresh  portions  of  the  sample. 

No  stirrer  is  used  in  the  bath.  A  screen  around  the  bath  enables 
the  temperature  to  be  more  easily  reached.  When  the  bath  oil  has 
become  tarry  and  viscid,  it  should  be  renewed;  otherwise  heating 
may  be  irregular. 

*  It  is  always  well  to  include  a  teat  on  a  sample  of  tung  oil  of  known  iodine  value.     This  may 
be  kept  in  a  dark-colored  bottle  as  a  standar4* 
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This  is  a  Tentative  Standard  only,  published  for  the  purpose  of  eliciting  criti« 
dsm  and  suggestions.  It  is  not  a  Standard  of  the  Society  and  until  its  adoption 
as  Standard  it  is  subject  to  revision. 

Issued,  1922. 

I.  PROPERTIES  AND   TESTS. 

Propertiet.  1-  Soya  bean  oil,  raw  or  refined,  shall  conform  to  the  following 

requirements: 

Maximum.  MncoiuM. 

Foots,  per  cent 2.5 

Loss  on  heating  at  105  to  1 10"*  C,  per  cent.  ..0.2 

Specific  gravity  at  15.5Vl5.5**C 0.924 

Add  number 5.0 

Saponification  number 190 

Iodine  number  (Hanus) 128 

Unsaponifiable  matter,  per  cent 1.5 

Color Not  darker  than  a  freshly 

prepared  solution  of  1.0  g. 

potassium  bichromate  in 

100  cc  pure  HsSO^  (tp. 

gr.  1.84). 

II.  METHODS  OF  TESTING. 

Solutions  Required. 

Sohittons  2.  The  following  reagents  will  be  required: 

Required.         AuUmc  that  will  pass  the  specification  of  the  United  States 
Pharmacopoeia. 

Acid  Calcium  Chloride  Solution. — Saturate  with  calcium  chloride 
a  mixture  of  90  parts  water  and  10  parts  HCl  (sp.  gr.  1.18). 

Standard  Sodium  Tkiosulfate  Solution. — ^Dissolve  pure  sodium 
thiosulfate  in  distilled  water  that  has  been  well  boiled  to  free  it  from 


iCritidsms  of  thew  Tentative  Specifications  are  solicited  and  should  be  directed,  imfembljr 
before  January  1,  1923,  to  Mr.  R.  L.  Hallett,  Secretary  of  Committee  D-1  on  Preservative  Coatinii 
for  Structural  Materials,  129  York  Street,  Brooklyn,  N.  Y. 
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carbon  dioxide  in  the  proportion  so  tiiat  24.83  g.  crystallized  sodium 
thiosulfate  will  be  present  in  1000  cc.  of  the  solution.  It  is  best  to 
let  this  solution  stand  for  about  two  weeks  before  standardizing. 
Standardize  with  pure  resublimed  iodine.  (See  Treadwell-Hall, 
Analytical  Chemistry,  Vol.  II,  third  edition,  p.  646.)  This  solution 
will  be  approximately  N/10  and  it  is  best  to  leave  it  as  it  is  after 
determining  its  exact  iodine  value,  rather  than  to  attempt  to  adjust 
it  to  exactiy  N/10  strength.  Preserve  in  a  stock  bottle  with  a  guard 
tube  filled  with  soda  lime. 

Starch  SoliUion, — Stir  up  2  to  3  g.  of  potato  starch  or  5  g.  soluble 
starch  with  100  cc.  of  l-per-cent  salicylic  add  solution,  add  300  to 
400  cc.  boiling  water,  and  boil  the  mixture  until  the  starch  is  prac- 
tically dissolved.    Dilute  to  1  liter. 

Potassium  Iodide  Solution. — ^Dissolve  150  g.  of  potassium  iodide 
free  from  iodate  in  distilled  water  and  dilute  to  1000  cc. 

Hanus  Solution. — ^Dissolve  13.2  g.  of  iodine  in  1000  cc.  of  glacial 
acetic  acid  (99.5-per-cent)  that  will  not  reduce  chromic  add.  Add 
enough  bromine  to  double  the  halogen  content,  determined  by  titra- 
tion (3  cc.  of  bromine  is  about  the  proper  amount).  The  iodine  may 
be  dissolved  by  the  aid  of  heat,  but  the  solution  should  be  cold  when 
the  bromine  is  added. 

Standard  Sodium  Hydroxide  Solution. — Prepare  a  stock  concen- 
trated solution  of  sodiimi  hydroxide  by  dissolving  NaOH  in  water  in 
the  proportion  of  200  g.  NaOH  to  200  cc.  water.  Allow  this  solution 
to  cool  and  settie  in  a  stoppered  bottie  for  several  days.  Decant  the 
dear  liquid  from  the  predpitate  of  sodium  carbonate  into  another 
clean  bottie.  Add  clear  barium  hydroxide  solution  until  no  further 
predpitate  forms.  Again  allow  to  settie  imtil  clear.  Draw  off  about 
175  cc.  and  dilute  to  10  liters  with  freshly  boiled  distilled  water. 
Preserve  in  a  stock  bottie  provided  with  a  large  guard  tube  filled  with 
soda  lime.  Determine  the  exact  strength  by  titrating  against  pure 
benzoic  add  (CeHtCOOH)  using  phenolphthalein  as  indicator.  (See 
Bureau  of  Standards  Scientific  Paper  No.  183)  This  solution  will 
be  approximately  N/4,  but  do  not  attempt  to  adjust  it  to  any 
exact  value.  Determine  its  exact  strength  and  make  proper  correc- 
tions in  using  it. 

Alcoholic  Sodium  Hydroxide  Solution. — ^Dissolve  pure  NaOH  in 
95-per-cent  ethyl  alcohol  in  the  proportion  of  about  22  g.  per  1000  cc. 
Let  stand  in  a  stoppered  bottie.  Decant  the  dear  liquid  into  another 
bottie,  and  keep  well  stoppered.  This  solution  should  be  colorless  or 
only  slightiy  yellow  when  used ;  it  will  keep  colorless  longer  if  the  alco- 
hol is  previously  treated  with  NaOH  (about  80  g.  to  1000  cc),  kept  at 
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about  50°  C.  for  15  days,  and  then  distilled.    For  an  alternate  method 
see  Journal,  American  Chemical  Society,  1906,  p.  395. 

Half  Normal  Sulfuric  Acid  Solution. — Add  about  15  cc.  H2SO4 
(sp.  gr.  1.84)  to  distilled  water,  cool  and  dilute  to  1000  cc.  Determine 
the  exact  strength  by  titrating  against  freshly  standardized  NaOH 
or  by  any  other  accurate  method.  Either  adjust  to  exactly  N/2 
strength  or  leave  as  originally  made,  applying  appropriate  correction. 

Methods. 

Methods  of  3.  The  oil  shall  be  tested  in  accordance  with  the  following  methods : 

Testins.  General. — ^The  laboratory  sample  shall  be  thoroughly  mixed  by 

shaking,  stirring,  or  pouring  from  one  vessel  to  another  and  the 

samples  for  the  individual  tests  taken  from  this  thoroughly  mixed 

sample. 

£a)Ss  on  Heating  at  106  to  11G°  C— Place  10  g.  of  the  oil  in  an 
accurately  weighed  200-cc.  Erlenmeyer  flask;  weigh.  Heat  in  an 
oven  at  a  temperature  between  105  and  110°  C.  for  30  minutes;  cool 
and  weigh.  Calculate  the  percentage  loss.  This  determination  shall 
be  made  ill  a  current  of  dry  carbon  dioxide  gas. 

Foots. — With  all  materials  at  a  temperature  between  20  and  27®  C, 
mix,  by  shaking  in  a  stoppered  flask  for  exactly  one  minute,  25  cc.  of 
the  well-shaken  sample  of  oil,  25  cc.  of  acetone  and  10  cc.  of  the  add 
calcium  chloride  solution.  Transfer  the  mixture  to  a  burette  where 
settling  can  take  place  for  24  hours.  The  temperature  during  this 
period  should  be  between  20  and  27°  C. 

The  volume  of  the  stratum  lying  between  the  clear  calcium 
chloride  solution  and  the  clear  acetone  and  oil  mixture  is  read  in 
tenths  of  a  cubic  centimeter  or  a  fraction  thereof.  This  reading  mul- 
tiplied by  four  expresses  the  amount  of  foots  present  as  percentage  by 
volume  of  the  oil  taken. 

Specific  Gravity. — Use  a  pyknometer  accurately  standardized  and 
having  a  capacity  of  at  least  25  cc,  or  any  other  equally  accurate 
method,  making  the  test  at  15.5°  C,  water  being  l,at  15.5°  C. 

Acid  Number. — Weigh  from  5  to  10  g.  of  the  oil.  Transfer  to  a 
300-cc.  Erlenmeyer  flask.  Add  50  cc.  of  neutral. 95-per-cent  ethyl 
alcohol.  Put  a  condenser  loop  inside  the  neck  of  the  flask.  Heat 
on  a  steam  bath  for  30  minutes.  Cool,  and  add  phenolphthalein 
indicator.  Titrate  to  a  faint  permanent  pink  color  with  the  standard 
sodium  hydroxide  solution.  Calculate  the  acid  number  (milligrams 
KOH  per  gram  of  oil) . 

.       Saponification  Nuttfber. — Weigh  about  2  g.  of  the  oil  in  a  300-cc. 
:  Erlenmeyer  fla^.     Add  25  cc.  alcoholic  sodium  hydroxide  solution. 


Digitized  by 


Google 


Serial  Designation:  D  124-22  T.  751 

Put  a  condenser  loop  inside  the  neck  of  the  flask  and  heat  on  the 
steam  bath  for  one  hour.  Cool,  add  phenolphthalein  as  indicator, 
and  titrate  with  N/2  H2SO4.  Run  two  blanks  with  the  alcoholic 
sodium  hydroxide  solution.  These  should  check  within  0.1  cc.  N/2 
HsS04.  From  the  difference  between  the  number  of  cubic  centimeters 
of  N/2  H2SO4  required  for  the  blank  and  for  the  determination, 
calculate  the  saponification  number  (milligrams  KOH  required  for 
1  g.  of  the  oil). 

Unsapanifiable  Matter . — ^Weigh  8  to  10  g.  of  the  oil.  Transfer 
to  a  250-cc.  long-neck  flask.  Add  5  cc.  of  strong  solution  of  sodium 
hydroxide  (equal  weights  of  NaOH  and  H2O),  and  50  cc.  95-j)er-cent 
ethyl  alcohol.  Put  a  condenser  loop  inside  the  neck  of  the  flask  and 
boil  for  two  hours.  Occasionally  agitate  the  flask  to  break  up  the 
liquid  but  do  not  project  the  liquid  onto  the  sides  of  the  flask.  At 
the  end  of  two  hours  remove  the  condenser  and  allow  the  liquid  to 
boil  down  to  about  25  cc. 

Transfer  to  a  500-cc.  glass-stoppered  separatory  funnel,  rinsing 
with  water.  Dilute  with  water  to  250  cc,  add  100  cc.  redistilled  ether. 
Stopj)er  and  shake  for  one  minute.  Let  stand  until  the  two  layers 
separate  sharp  and  dear.  Draw  all  but  one  or  two  drops  of  the 
aqueous  layer  into  a  second  500-cc.  separatory  funnel  and  repeat  the 
process  using  60  cc.  of  ether.  After  thorough  separation  draw  off  the 
aqueous  solution  into  a  400-cc.  beaker,  then  the  ether  solution  into  the 
first  separatory  funnel,  rinsing  down  with  a  little  water.  Return  the 
aqueous  solution  to  the  second  separatory  funnel  and  shake  out  again 
with  60 cc.  of  ether  in  a  similarmanner,finally drawing  the  aqueous  solu- 
tion into  the  beaker  and  rinsing  the  ether  into  the  first  separatory  funnel. 

Shake  the  combined  ether  solution  with  the  accumulated  water 
rinsings  and  let  the  layers  separate  sharp  and  clear.  Draw  off  the 
water  and  add  it  to  Uie  main  aqueous  solution.  Shake  the  ether 
solution  with  two  portions  of  water  (about  25  cc.  each).  Add  these 
to  the  main  water  solution. 

Swirl  the  separatory  funnel  so  as  to  bring  the  last  drops  of  water 
down  to  the  stopcock,  and  draw  off  until  the  ether  solution  just  fills 
the  bore  of  the  stopcock.  Wipe  out  the  stem  of  the  separatory 
funnel  with  a  bit  of  cotton  on  a  wire.  Draw  the  ether  solution  (por- 
tionwise  if  necessary)  into  a  250-cc.  flask  and  distill  off.  While  stUl 
hot,  drain  the  flask  into  a  small  weighed  beaker,  rinsing  with  a  little 
ether.  •  Evaporate  this  ether,  cool  and  weigh. 

Note. — The  unsaponifiable  oil  from  adulterated  drjring  oils  is  volatile  and  will 
evaporate  on  long  heating.  Therefore  heat  the  beaker  on  a  warm  plate,  occasionally 
blowing  out  with  a  current  of  dry  air.  Discontinue  heating  as  soon  as  the  odor 
of  •thcr  it  goat. 
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Haniis  Iodine  Number. — ^Flace  a  small  quantity  of  the  sample  in  a 
small  weighing  burette  or  beaker.  Weigh  accurately.  Transfer  by 
dropping  about  0.15  g.  (O.IO  to  0.20  g.)  to  a  500-cc.  bottle  having  a  well- 
ground  glass  stopper,  or  an  Erlenmeyer  fla,^  having  a  specially  flanged 
neck  for  the  iodine  test.  Reweigh  the  burette  or  beaker  and  determine 
the  amount  of  sample  used.  Add  10  cc.  of  chloroform.  Whirl  the 
bottle  to  dissolve  the  sample.  Add  l6  cc.  of  chloroform  to  eadi  of  two 
empty  bottles  like  that  used  for  the  sample.  Add  to  each  bottle  25  cc 
of  the  Hanus  solution  and  let  stand  with  occasional  shaking  for  one- 
half  hour.  Add  10  cc.  of  the  15-per-cent  potassium  iodide  solution 
and  100  cc.  of  water,  and  titrate  with  standard  sodium  thiosulfate 
using  starch  as  indicator.  The  titrations  on  the  two  blank  tests  should 
agree  within  0.1  cc.  From  the  difference  between  the  average  of  the 
blank  titration  and  the  titration  on  the  samples  and  the  iodine  value 
of  the  thiosulfate  solution,  calculate  the  iodine  number  of  the  samples 
tested.     (Iodine  number  is  centigrams  of  iodine  to  1  g.  of  sample.) 

Color. — Prepare  a  fresh  solution  of  pure  potassium  bichromate  in 
pure  colorless  H2SO4  (sp.  gr.  1.84).  This  solution  should  be  in  the 
proportion  of  1.0  g.  potassium  bichromate  to  100  cc.  (184.0  g.)  HsSCX' 
Place  the  oil  and  colored  solution  in  separate  thin-walled,  clear  glass 
tubes  of  the  same  diameter  (l  to  2  cm.)  to  a  depth  of  not  less  than  2.5 
cm.  and  compare  the  depths  of  color  by  looking  transversely  through 
the  columns  of  liquid  by  transmitted  Ught. 
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TENTATIVE  SPECIFICATIONS 

FOR 

PERILLA  OIL,  RAW  OR  REFINED.^ 

Serial  Designation:  D  125-22  T. 

This  is  a  Tentative  Standard  only,  published  for  the  purpose  of  eliciting  criti- 
cism and  suggestions.  It  is  not  a  Standard  of  the  Society  and  until  its  adoption 
as  Standard  it  is  subject  to  revision. 

Issued,  1922. 

I.  PROPERTIES  AND  TESTS. 

1.  Perilla  oil,  raw  or  refined,  shall  conform  to  the  following  Properties, 
requirements: 

Maximum.  Minimum. 

Foots,  per  cent 2.5 

Loss  on  heating  at  105  to  1 10**  C,  per  cent. . .     0. 2 

Specific  gravity  at  15.5 Vl5. 5^  C 0.932 

Acid  number 5.0 

Saponification  number 190 

Iodine  number  (Hanus) 191 

Unsaponifiable  matter,  per  cent 1.5 

Color Not  darker  than  a  freshly  pre- 
pared   solution   of   1.0   g. 
potassitmi     bichromate   in 
100  cc.  pure  HtS04  (sp.  gr. 
1.84). 

II.  METHODS  OF  TESTING. 

2.  The  oil  shall  be  tested  in  accordance  with  the  methods  described  Methods  of 
in  Sections  2  and  3  of  the  Tentative  Specifications  for  Soya  Bean  Oil,  t******* 
Raw  or  Refinea  (Serial  Designation:  D  124  -  22  T)  of  the  American 
Society  for  Testing  Materials.* 

t  Criticisms  of  these  Tentative  Spedficatoas  are  solicited  and  should  be  directed,  preferably 
before  January  1,  1923.  to  Mr.  R.  L.  Hallett.  Secretary  of  Committee  D-l  on  Preservative  Coatings 
for  Structural  Materials.  129  York  Street.  Brooklyn,  N.  Y. 
•  "See  p.  748. 
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TENTATIVE  METHODS  OF  ROUTINE  ANALYSIS 

OF  . 

YELLOW  AND  ORANGE  PIGMENTS  CONTAINING 

CHROMIUM  COMPOUNDS,  BLUE  PIGMENTS 

AND  CHROME  GREEN.^ 

Serial  Designation:  D  126-22  T. 

This  is  a  Tentative  Standard  oaly,  published  for  the  purpose  of  eliciting 
criticism  and  suggestions.  It  is  not  a  Standard  of  the  Society  and  until  its 
adoption  as  Standard  it  is  subject  to  revision. 

Issued,  1922. 
GENERAL  METHODS, 

Specific  Gravity. 

Sptdflc  1.  True  specific  gravity  shall  be  determined  by  Thompson's 

OraTitj.  jfnethod,*  or  by  means  of  a  50-cc.  pyknometer,  using  c.  p.  benzene,  or 
by  Gardner's  method.' 

Tinting  Strength.* 

Tiatinc  2.  The  colors  should  always  be  compared  with  a  carefully  selected 

®*'"'^*  standard.  Weigh  out  accurately  a  portion  of  the  color  (0.05  g.  of 
yellow  or  green;  0.01  of  blue),  place  on  a  large  glassplate,  add  12  drops 
of  bleached  linseed  oil*  (24  drops  with  blues),  and  rub  up  with  a  flat- 
bottomed  glass  pestle  or  muller;  add  pure  ZnO  (l  g.  for  yellows  or 
greens,  2  g.  for  blues),  and  grind  with  a  circular  motion  50  times; 
gather  up  with  a  sharp-edged  spatula  and  grind  out  twice  more  in 
like  manner,  giving  the  pestle  a  uniform  pressure.  Next  weigh  out  a 
similar  amount  of  the  standard,  and  treat  in  exactly  the  same  manner 
as  described  above.  Transfer  portions  of  each  paste  to  a  microscope 
slide,  quite  close  together,  and  then  draw  a  palette  knife  across  both 

>  Criticisms  of  these  Tentative  Methods  are  solicited  and  should  be  directed,  preferably  bcflon 
Jantiary  1.  1923,  to  Mr.  R.  L.  Hallett,  Secretary  of  Committee  D-1  on  Preservative  Coatings  (or 
Structural  Materials.  129  York  St..  Brooklyn,  N.  Y. 

*  Proeetdingt,  Am.  Soc.  Test.  Mats..  VoL  XIII.  p.  407  (1913). 

•CircuUr  No,  104  (Sept.,  1920).  Educational  Bureau.  Paint  Manufacturers'  Association  of  the 
U.S. 

« HoUey.  "Analysis  of  Paint  and  Varnish  Products."  1912.  p.  126. 

•  The  use  of  "oiidissd"  ofl  should  be  avoided  (oil  that  has  become  "fatty  "  by  standing  in  a  can  or 
bottle).  Poppy  oil  could  be  used  but  it  is  quite  as  necessary  to  have  it  reasonably  fresh  as  when  linseed 
oil  is  used.    In  either  case  "stringy  *'  pastes  are  not  reliable. 
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samples  so  as  to  make  them  meet  in  a  line  (differences  in  tint  are  then 
easily  seen).  Compare  the  tints  as  shown  on  both  sides  of  the  glass. 
The  amount  of  pigment  used  will  vary  with  the  tinting  strength,  but 
the  amounts  indicated  will  generally  suffice. 

If  it  is  desired  to  express  quantitatively  the  tinting  strength  of  the 
pigment,  consider  the  standard  pigment  as  having  a  tinting  strength  of 
100,  and  then  vary  the  amount  of  the  standard  pigment  until  the  tints 
are  matched. 

For  example,  let  the  amount  of  standard  pigment  for  100  strength  test  be  0.05  g* 
(•■  A).  Vary  this  amount  in  units  of  5  per  cent,' thus  0.0475  or  0.0525.  Let  the 
amount  required  to  match  a  given  strength  equal  B,  then 

B 
-XlOO 

equals  the  tinting  strength  of  the  sample  to  be  tested. 

If  the  tone  varies  it  may  be  difiicult  to  make  this  measurement. 

Added  Coloring  Matter. 

3.  Test  the  pigment  successively  with  hot  water,  95-per-cent  Add«d 
ethyl  alcohol,  and  chloroform.    The  solutions  should  remain  colorless.  MaJ^^* 
Other  reagents  may  be  tried.* 

METHODS  OF  ANALYSIS  OF  YELLOW  AND  ORANGE  PIGMENTS. 
Chrome  Yellows.  American  Vermilion.  Basic  Lead  Chromate. 

A  pure  chrome  yellow  should  contain  only  lead  chromate  and  other 
insoluble  lead  compounds. 

Moisture. 

4.  Heat  2  g.  at  105°  C.  for  two  hours.     The  loss  in  weight  is  Moisture, 
reported  as  moisture. 

Insoluble  Matter. 

5.  Treat  1  g.  with  25  cc.  of  concentrated  HCl  and  boil  for  from  5  to  insoluble 
10  minutes  in  a  covered  beaker,  adding  about  6  drops  of  alcohol  to  the  Msttor. 
boiling  liquid,  one  at  a  time.     Dilute  to  100  cc.  with  hot  water  and 

boil  for  from  5  to  10  minutes  (the  solution  should  be  complete).  Filter 
the  hot  solution  (if  insoluble  matter  is  present)  and  wash  with  boiling 
water  till  washings  are  free  from  lead  and  chlorine.  Ignite  the  insolu- 
ble matter,  weigh,  isind  examine  for  Si02,  BaS04,  and  AtOa. 

1  For  details  consult  Zerr.  "Tests  for  Coal-Tar  Colors  in  Aniline  Lakes"  (Bnglisfa  translation  by 
C.  Mayer);  Schults  and  Julius.  "A  Systematic  Survey  of  the  Organic  Coloring  Matters;"  Hall.  "The 
Cbemistry  of  t^aints  and  Paint  Vehicles;"  and  MtiUJlcenr  "Identification  of  Pure  Organic  ComiKmnds," 

CmmrfioiDytsmffs.yoiiu. 
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Total  Lead. 
Total  Lead.  6.  Nearly  neutralize  with  NH4OH  the  filtrate  from  the  insoluble 
matter  (or  the  original  solution),  dilute  to  about  300  cc,  and  pass  into 
the  clear  solution  a  rapid  current  of  H2S  until  all  of  the  lead  is  pre- 
cipitated as  PbS.  Let  the  precipitate  settle,  filter,  wash  with  water 
containing  some  H2S.  Boil  the  filter  and  precipitate  with  dilute 
HNO3  until  all  of  the  lead  has  dissolved,  filter,  and  wash  thoroughly 
with  hot  water.  To  the  filtrate,  add  10  cc.  of  H2SO4  (1  :  1),  evaporate 
until  copious  fumes  of  S0»  are  evolved,  cool,  add  about  75  cc.  of  HjO 
and  then  75  cc.  of  95-per-cent  ethyl  alcohol.  Let  stand  about  one 
hour,  filter  on  a  Gooch  crucible,  wash  with  dilute  alcohol,  dry,  ignite, 
and  weigh  as  PbS04. 

Chromium  (Iron,  Aluminum). 
Chromium.  7.  Heat  the  filtrate  from  the  PbS  to  expel  HjS  and,  if  iron  is  pres- 

ent, add  a  few  drops  of  HNOa  and  boil  about  two  minutes.  Render 
the  solution  just  alkaline  with  NH4OH,  boil  a  few  minutes,  filter,  and 
wash  with  hot  2-per-cent  NH4CI  solution.  (If  the  sample  contains 
an  appreciiable  amount  of  zinc,  a  double  precipitation  should  be  made.) 
In  the  absence  of  iron  and  aluminum  this  precipitate  may  be  ignited 
and  weighed  as  Cr20j.  If  iron  and  alimiinum  are  present,  dissolve 
the  NH4OH  precipitate  with  hot  dilute  HCl,  washing  the  paper  with 
hot  water;  cool,  add  NH4OH  until  alkaline,  and  then  add  NaaOs 
(about  1  g),  keeping  the  beaker  covered.  Digest  imtil  all  of  the 
chromium  and  aluminum  has  been  dissolved,  adding  more  Nai02  if 
necessary.  Filter  off  the  Fe(0H)8,  wash  thoroughly  with  hot  water, 
ignite  and  weigh  as  Fe208;  or,  dissolve  the  precipitate  in  HCl  and 
determine  the  Fe  content  volumetrically.  Make  up  the  filtrate  from 
'  the  Fe(OH)i  to  250  cc.  in  a  graduated  flask,  and  mix.  Render  an 
aliquot  portion  add  with  H2SO4,  boil  to  expel  any  free  oxygen,  cool, 
add  an  excess  of  standard  (NH4)2Fe(S04)3'6H20  solution  and  titrate 
back  with  0.1  iV  K2Cr207  solution,  using  KsFe(CN)6  as  outside 
'  indicator.  (TheCrOa  may  also  be  determined  by  acidifjdng  the  aliquot 
portion  with  acetic  acid,  preciptating  as  PbCr04  or  BaCr04,  and  finally 
weighing  on  a  Gooch  crucible.)  To  determine  AUOs,  make  an  aliquot 
portion  of  the  filtrate  from  the  Fe(0H)8  acid  with  HCl,  and  then 
just  distinctly  alkahne  with  NH4OH,  heat  to  boiling,  let  settle,  filter, 
wash  with  hot  2-per-cent  NH4CI  solution,  ignite  and  weigh  as  AlaO«. 
If  iron  and  aluminum  are  not  to  be  determined  or  are  present  in 
negligible  amounts,  the  first  NH4OH  precipitate  may  be  dissolved  in 
4Uute  ;;hCI,  oxidized  with  Ka202,  acidified  with  H2SO4,  boile<l,;iifld 
CrO»  determined  volumetrically.     The  CrOi  in  the  absence  of  <iAer 
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oxidizing  substances,  may  be  determined  on  1  g.  of  the  pigment  by 
Schwartz'  method  (Fresenius  Quantitative  Chemical  Analysis,  Ed.  6, 
Vol  1,  p.  424). 

Zinc,  Calcium,  and  Magnesium. 

8.  Precipitate  any  zinc  in  the  filtrate  from  the  first  NH4OH  Zinc, 
precipitate  with  H2S,  filter,  wash  with  dilute  (NH^jS,  dissolve  the  ^gj^^^n, 
zinc  sulfide  in  dilute  HCl,  and  determine  the  Zn  content  volumetric- 
ally  by  K4Fe(CN)6  method.     In  the  filtrate  from  the  zinc  sulfide, 
determine    calcium    by    the    oxalate    method    and    magnesium    as 
Mg,P,07. 

SuLFUMC  Anhydride. 

9.  Heat  1  g.  of  the  pigment  with  10  cc.  of  concentrated  HCl  imtil  Sniftiric 
free  chlorine  is  expelled,  add  about  300  cc.  of  water  and  boil;  filter       ^      *' 
off  any  insoluble  matter  and  wash  thoroughly  with  hot  water,  heat  to 
boiUng,  and  precipitate  with  BaCU  solution  in  the  usual  manner. 

Keep  the  solution  hot  while  filtering  off  the  BaSO^  and  wash  with  hot 
water  until  the  washings  show  no  lead  or  chlorine. 

Carbon  Dioxide. 

10.  Determine  carbon  dioxide  by  the  evolution  method,  using  Ctrbon 
dilute  HNOa,  free  from  oxides  of  nitrogen.  Dioxide. 

Water-Soluble  Matter. 

11.  Weigh  5  g.  of  the  pigment  on  to  a  weighed  Gooch  crucible  w*tw- 
(containing  asbestos,  and  dried  at  llO*'  C),  wash  six  times  with  ^ilttOT. 
25-cc.  portions  of  cold  water;  dry  at  110°  C.  and  weigh.    The  loss  in 
weight,  corrected  for  moisture  (as  determined  above),  represents  the 
soluble  salts  removed  by  the  water.    The  washings  may  be  examined, 

if  desired. 

Added  Coloring  Matter  and  Tinting  Strength. 

12.  Make  the  test  for  added  coloring  matter  and  tinting  strength  Coloring 
in  accordance  with  Section  3.  Mtttor. 

Calculations. 

13.  Calculate  CrOi  to  PbCrO*,  and  SOs  to  PbS04  if  caldum  is  CticuUtiont. 
absent.     If  COs  is  present  and  caldxmi  and  magnesium  are  absent, 
calculate  to  (PbCOs)j-Pb(OH),.      Report  any  residual  Pb  as  PbO. 

If  calcium  is  present,  calculate  to  CaCOi  if  COj  is  also  present.  If 
calcium  and  SOi  are  present  and  COj  is  absent,  calculate  to  CaSOi. 
If  calcium,  COs,  and  SOi  are  present,  calculate  to  CaCOt;  any  residual 
calcium  is  then  calculated  to  CaS04.     Report  zinc  as  ZnO. 
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Issolmbl* 
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METHODS  OF  ANALYSIS  OF  BLUE  PIGMENTS. 
Iron  Cyanide  Blubs.    (Prussian  Blub,  Chinbsb  Blub,  Antwerp  Blub, 
MiLORi  Blub,  Bronze  Blub,  Steel  Blub.) 

The  analysis  of  these  blues,  as  is  generally  the  case  with 
pigments,  does  not  necessarily  give  results  which  can  be  used  to  grade 
samples,  the  strength  and  color  tests  being  most  important. 

Moisture. 

14.  Heat  2  g.  of  the  pigment  at  105®  C.  for  two  hours.  The  loss 
in  weight  is  reported  as  moisture.  A  "dry"  Prussian  blue  should 
contain  less  than  7  per  cent  of  moisture. 

Insoluble  Matter. 

15.  Ignite  1  g.  of  the  pigment  in  a  porcelain  dish  at  a  low  tem- 
perature, just  high  enough  to  decompose  the  last  trace  of  blue,  but 
not  high  enough  to  render  the  iron  difficultly  soluble  in  HCl.  Cool, 
add  15  cc.  of  HCl  and  a  few  drops  of  bromine,  cover  with  a  watch 
glass,  and  digest  on  the  steam  bath;  wash  off  cover,  evaporate  to  a 
syrup,  add  water,  boil,  filter,  wash  with  hot  water,  ignite  the  residue 
and  weigh.  Examine  the  insoluble  residue  for  silica,  barium  sulfate, 
and  alumina.    A  pure  Prussian  blue  should  show  no  insoluble  residue. 

Iron  and  Aluminum. 

16.  Determine  iron  and  alimMniun  in  the  filtrate  from  the  in- 
soluble matter  by  precipitation  with  NH4OH  in  the  usual  manner. 
A  double  precipitation  is  desirable.  Ignite  and  weigh  FeaOj+AUOj, 
deduct  Fe20j  (calculated  from  total  Fe),  and  calculate  AljOt  to  Al. 

Calcium. 

17.  Determine  calcium  in  the  filtrate  from  the  FejOt+AljOs  by 
precipitation  with  ammonium  oxalate;  titrate  with  KMn04,  or,  ignite 
and  weigh  as  CaO.  Acidify  the  filtrate  from  the  calcium  oxalate  with 
HCl  and  dilute  to  a  definite  volume  and  mix. 

Sulfuric  Acid. 
Satfttric  Add.  18.  Determine  sulfuric  acid  in  an  aliquot  of  the  above  solution 

as  BaS04  in  the  usual  manner. 

Alkali  Metal  and  Alkaline  Salts. 
19.  Evaporate  an  aliquot  of  the  above  solution  with  sulfuric 
add,  ignite  (treating  with  solid  ammonium  carbonate),  and  weigh. 
Determine  whether  the  alkali  metal  is  sodium  or  potassium  and 
subtract  the  alkali  metal  corresponding  to  the  sulfate  (SO4)  found. 
The  remainder  is  alkali  combined  with  the  blue  and  is  reported 
a»  Na  or  K. 


Iron  and 
Alomlnnm. 


Caldmn. 
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Total  Iron. 

20.  Decompose  and  dissolve  1  g.  of  the  pigment  as  under  ''In-  Touiiron. 
soluble  Matter,"  reduce,  and  determine  the  total  iron  with  KMnO^ 

or  KsCr207.  There  should  be  not  less  than  30  per  cent,  calculated  on 
the  dry  pigment. 

Total  Nitrogen. 

21.  Determine  the  total  nitrogen  on  a  1-g.  sample  of  the  pigment  Toui 
by  the  Kjddahl-Gunning  Method,  digesting  for  at  least  2j  hours.  "**«»«•»• 
The  sulfuric  add  should  not  blacken,  which  would  indicate  organic 
adulteration. 

Water-Soluble  Matter. 

22.  Weigh  2.5  g.  of  the  pigment  into  a  graduated  250-cc.  flask,  WAt«r- 
add  100  cc.  of  water,  and  boil  for  five  minutes.    Dilute  with  water,  2jJ[^^^* 
let  stand  imtil.at  room  temperature,  make  up  to  mark,  mix  and  let 
settle.    Filter  through  dry  paper  and  discard  the  first  25  cc.    Transfer 

100  cc.  of  the  clear  filtrate  to  a  weighed  dish,  evaporate  to  dryness  on  a 
steam-bath,  dry  in  an  oven  at  105®  C.  for  30  minutes,  cool,  and  weigh. 

Added  Coloring  Matter  and  Tinting  Strength. 

23.  Make  the  test  for  added  coloring  matter  and  tinting  strength  Coloring 
in  accordance  with  Section  3,  omitting  the  treatment  with  hot  water.  ^•**«'- 
Also  test  the  pigment  with  dilute  acid  for  ultramarine  blue  (evolution 

of  hydrogen  sulfide)  and  carbonates  (evolution  of  carbon  dioxide). 

Calculations. 

24.  The  percentage  of  Prussian  blue  may  be  obtained  with  CaicuUtions. 
sufficient   accuracy   for   commercial   purposes   by   multiplying   the 
percentage  of  nitrogen  by  4.4  or  the  percentage  of  iron  (in  the  absence 

of  other  iron  pigments)  by  3.03*. 

Note. — Some  blues,  e,  g,,  Chinese  blue,  may  contain  tin  salts.  Others  may 
contain  manganese  or  chromium  compounds.  The  presence  of  these  compounds 
should  be  determined  by  a  qualitative  examination  at  least. 


METHODS  OF  ANALYSIS  OP  ULTRAMARINE  BLUE. 

An  analysis  is  of  little  value  for  determining  the  quality  of  pure 
ultramarines,  but  is  useful  in  the  identification  of  foreign  admixtures. 
Practical  tests  as  to  the  stability  and  compatability  of  the  pigment 
in  mixtures  with  other  pigments,  coloring  power,  tint,  fineness,  fastness 
to  light,  etc.,  are  more  unportant  than  chemical  analysis. 

>  Pany  and  Cotte.  Tiu  Analyst,  Vol.  21.  pp.  225  to  230  (1896). 
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Moisture. 

Moistnre.  25.  Heat  2  g.  of  the  pigment  at  105**  C.  for  two  hours,  cool  and 

weigh.    The  loss  m  weight  is  reported  as  moisture. 

SnjCA. 

silica.  26.  Treat  1  g.  of  the  pigment  in  a  covered  dish  or  casserole  with 

30  cc.  of  HCl  (1:1),  heat  until  decomposed,  wash  off  and  remove  cover, 
and  evaporate  to  dryness  on  the  steam-bath.  Moisten  with  con- 
centrated HCl  and  again  evaporate  to  dryness,  add  1  to  2  cc.  of 
concentrated  HCl,  let  stand  about  5  minutes,  add  hot  water,  filter 
and  wash  the  insoluble  matter  with  hot  water.  K  great  accuracy  is 
desired,  evaporate  the  filtrate  to  dr3mess,  take  up  with  HCl  and  water, 
filter  on  a  second  paper,  wash,  and  add  the  residue  to  the  main  in- 
soluble. Ignite  the  insoluble  matter,  cool  and  weigh.  Determine 
SiOi  by  volatilization  with  H2SO4  and  HF.  Make  a  qualitative 
examination  of  any  residue  that  may  remain. 

Alumina. 

Aiamina.  27.  Render  the  filtrate  from  the  silica  faintly  alkaline  with 

NH4OH,  boil  a  few  minutes,  filter,  wash  with  hot  2-per-cent  NH^Cl 
solution,  ignite  and  weigh  as  Al20j(+Fe20«).  For  more  accurate 
work,  dissolve  the  Al(OH)a  precipitate  in  HCl  and  repredpitate 
as  above. 


Sodium 
Ozid«. 


Sodium  Oxide. 

28.  Acidify  the  filtrate  from  the  AUOj  with  H1SO4,  evaporate 
to  dryness,  ignite  (finally  adding  solid  ammonium  carbonate)  and 
weigh  as  Na«S04.  Calculate  to  Na20.  If  calcium  is  present  it  should 
be  precipitated  with  ammonium  oxalate  in  the  filtrate  from  the  AliOs, 
ignited  and  weighed  as  CaO,  and  the  sodium  determined  in  the  filtrate 
from  the  calcium  oxalate,  as  described. 


Total  Sulfur. 

Total  Sulfur.  29.  Mix  1  g.  of  the  ultramarine  with  4  g.  of  NaiCOi  and  4  g.  of 

NajOj  in  a  nickel  crucible,  cover  with  about  1  g.  of  NajCO«  and  fuse, 
using  an  aluminum  or  asbestos  shield  to  prevent  the  sulfur  being  taken 
up  from  the  gas.  Dissolve  the  fused  mass  in  dilute  HCl,  filter  and 
wash,  if  necessary  (there  should  be  no  insoluble  residue),  precipitate 
with  BaCIs  and  determine  total  sulfur  by  weighing  as  BaSOi-  Cal- 
culate to  S. 
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SuLFiTR  Present  as  Sulfate. 

30.  Dissolve  1  g.  of  the  pigment  in  dilute  HCl,  boil  to  expel  H2S,  Sulfur  as 
and  filter  if  necessary;    make  the  solution  faintly  alkaline,  with  ®'*"***- 
NH4OH  and  just  distinctly  acid  with  HCl,  and  treat  with  BaCIs  in 

the  usual  manner.    Calculate  BaS04  to  SOs  and  to  S. 

Sulfur  Present  as  Sulfide. 

31.  Subtract  the  sulfur  present  as  sulfate  from  the  total  sulfur.  Sulfur  «• 

Sulfide. 

METHODS  OF  ANALYSIS  OF  COBALT  BLUE.^ 
This  pigment  is  essentially  a  compound  of  the  oxides  of  aluminum 
and  cobalt.     Certain  shades  of  ultramarine  blue  are  often  sold  under 
the  name  "cobalt  blue. " 

Moisture. 

32.  Heat  2  g.  of  the  pigment  at  105®  C.  for  2  hours.    The  loss  in  MoiBture. 
weight  is  reported  as  moisture. 

Alumina. 

33.  Fuse  1  g.  of  the  pigment  with  12  to  15  g  of  sodium  or  potassium  Alumina, 
pyrosulfate,  cool,  digest  with  water  and  HCl,  filter,  and  wash  the 
residue  with  hot  water.    Make  the  filtrate  up  to  250  cc.  in  a  graduated 

flask  and  mix.  Ignite  the  residue,  cool,  weigh,  and  examine  for  SiOj 
and  BaS04.  Dilute  an  aliquot  portion  of  the  filtrate  to  200  cc, 
add  5  g.  of  NH4CI,  heat  to  boiling,  and  add  dilute  NH4OH  till  just 
distinctly  alkaline  (a  few  drops  of  0.2-per-cent  alcoholic  solution  of 
methyl  red  is  recommended  as  indicator).  Boil  for  one  or  two  minutes, 
filter  at  once,  dissolve  the  precipitate  with  HCl,  and  reprecipitate 
as  before.  Filter,  wash  thoroughly  with  hot  2-per-cent  NH4CI  (or 
NH4NOJ)  solution,  ignite,  and  weigh  as  AljOa. 

Calcium  and  Magnesium. 

34.  Unite  the  filtrates  from  the  AI2O3,  saturate  with  hydrogen  Calcium  and 
sulfide,  filter,  and  determine  calcium  and  magnesium  in  the  filtrate  in  Mtgnedum. 
the  usual  manner. 

Cobalt  Oxides. 

35.  Subtract  the  determined  constituents  from  100  and  report  Cobalt 
the  difference  as  cobalt  oxides,  unless  a  qualitative  examination  shows  ^^**••• 
the  presence  of  other  substances  in  significant  amounts.    Should  the 
pigment  contain  phosphoric  acid   (or  arsenic  acid)   in  more   than 
negligible    amounts,    these    must    be    removed    before  determining 
aluminum,  calcium  and  magnesium.^ 

>  "Analysis  of  Paint  and  Varnish  Products."  C.  D.  Holley,  p.  210  (1912). 

s  See  "Technical  Methods  of  Chemical  Analysis."  Lunge-Keane,  Vol.  Ill,  Part  II,  p.  978  (1914). 
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METHODS  OF  ANALYSIS  OF  SUBLIMED  BLUE  LEAD.* 

Total  Lead. 

Total  Lead.  36.  Dissolve  1  g.  of  the  sample  in  100  cc.  of  a  mixture  consisting 

of  125  cc.  of  80-per-cent  acetic  add,  95  cc.  of  NH4OH  (sp.  gr.  0.90) 
and  100  cc.  of  water.  Add  the  solution  while  hot  and  dilute  with 
50  cc.  of  water,  boil  \mtil  all  is  dissolved  except  carbon.  Dilute  to 
200  cc.  and  titrate  with  standard  ammonium  molybdate  solution, 
using  a  freshly  prepared  solution  of  one  part  of  taimic  acid  in  300 
parts  of  water  as  an  outside  indicator.  Run  a  blank  and  correct  for 
same.  The  ammoniimi  molybdate  solution  contains  8.67  g.  per  liter 
and  is  standardized  against  pure  lead  foil,  pure  PbO,  or  pure 
PbS04. 

Total  Sulfur. 

Total  Sulfur.  37.  Treat  0.5  g.  of  the  sample  in  a  beaker  with  10  cc.  of  water  and 

a  few  cc.  of  bromine  water.  Boil  gently  until  all  the  bromine  has 
passed  off.  Dilute  with  water,  add  another  portion  of  bromine  water, 
boil,  and  continue  the  treatment  until  the  sediment  has  become  white 
in  color.  Add  8  cc.  of  HNOs,  evaporate  the  solution  until  the  brown 
fumes  of  nitric  add  have  disappeared,  dilute  with  water  and  add  an 
excess  of  NajCOa.  Boil  gently  (covered)  for  from  10  to  15  minutes 
and  let  stand  for  4  hours.  Dilute  with  hot  water,  filter,  and  wash  with 
hot  water.  Reject  the  residue.  Acidify  the  filtrate  (about  200  cc.) 
with  HCl  and  add  an  excess  of  about  2  cc.  of  the  add.  Boil  and  add  a 
slight  excess  of  10-per-cent  barium  chloride  solution.  Let  stand  on  a 
steam-bath  about  1  hour,  filter,  wash  with  hot  water,  ignite,  and  weigh 
as  BaS04.    Calculate  the  BaS04  to  S. 

Lead  Sulfate. 

Lead  Sulfate.  38.  On  a  separate  sample  determine  the  sulfate  directly  with 

Na2COs  as  in  the  preceding  paragraph,  without  any  preb'minary 
treatment  with  bromine  water. 

Lead  Sulfite. 

Lead  Sulfite.  39.  Boil  1.5  g.  of  the  sample  with  3  g.  of  NasCOs,  let  stand,  filter, 

and  wash  thoroughly.  To  tie  filtrate  add  3  cc.  of  bromine  water, 
heat  gently  to  oxidize  the  sulfite  to  sulfate  and  predpitate  with  BaCls 
solution.  Filter,  wash,  ignite,  and  wdgh  as  BaS04.  Deduct  the 
amount  present  as  sulfate  and  calculate  the  remainder  to  lead  sulfite. 

1  "The  Chemical  Analysis  of  Lead  and  its  Compounds.'*  Schaeffer  and  White,  pp.  22  to  24. 
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Lead  SuLFroE. 

40.  Deduct  the  sulfur  present  as  sulfate  and  sulfite  from  the  total  LMd  Suifld*. 
sulfur  and  report  the  difference  as  lead  sulfide. 

Lead  Carbonate. 

41.  Determine  any  COt  present  by  the  evolution  method,  remov-  Lead 

ing  any  HtS  or  SOi  formed  by  means  of  KMn04  or  CrOt  solution,  c*'^*"**- 
Calculate  to  PbCOf. 

Lead  Oxide. 

42.  Deduct  the  lead  present  as  sulfate,  sulfite,  sulfide,  and  car-  Lead  Ozid«. 
bonate  from  the  total  lead  and  report  the  difference  as  lead  oxide  (PbO). 

•  Zinc  Oxide. 

43.  Boil  1  g.  of  the  sample  with  a  solution  of  4  g.  of  NH4CI  in  zinc  Oiide. 
30  cc  of  water  plus  6  cc.  of  concentrated  HCl.    Dilute  to  200  cc  with 

hot  water,  add  2  cc.  of  a  saturated  sodium  thiosulfate  solution,  and 
titrate  with  a  standard  solution  of  potassium  ferrocyanide,  using  a 
5-per-cent  solution  of  a  uraniiun  nitrate  as  an  outside  indicator. 
Report  as  ZnO. 

Carbon  and  Volatile  Matter. 

44.  Ignite  a  weighed  portion  of  the  sample  in  a  partially  covered  Carbon  and 
crucible  at  a  low  red  heat  for  2  hours,  cool,  and  weigh.    Report  the  JJJJ^* 
loss  in  weight  as  carbon  and  volatile  matter. 


METHODS  OF  ANALYSIS  OF  GREEN  PIGMENTS. 
(Chrome  Green) 
A  pure  chrome  green  should  contain  only  Prussian  blue  and  pure 
chrome  yellow.  A  microscopic  examination  should  be  made  to  deter- 
mine whether  the  green  is  a  combined  precipitation  product,  which  is 
of  the  greater  value,  or  one  mixed  after  separate  precipitation.  A 
good  green  will  show  the  presence  of  green  and  blue  particles,  while  a 
poor  green  will  show  yellow  and  blue  particles  mixed  with  green. 

Moisture. 

45.  Heat  2  g.  of  the  pigment  at  105°  C.  for  two  hours.    The  loss  Moiatvre. 
in  weight  is  reported  as  moisture. 

Insoluble  Matter. 

46.  Heat  gently  1  g.  of  the  pigment  in  a  small  porcelain  dish  until  inMiuWa 
the  blue  color  has  been  decomposed.    The  heating  should  be  carried     ^^^' 
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out  very  carefully  so  as  not  to  render  the  iron  difl&cultly  soluble. 
(With  some  very  pure  chrome  greens  it  may  be  advantageous  to  mix 
the  sample  with  2  to  5  times  its  weight  of  pure  barium  sulfate  before 
igniting.)  Let  cool,  transfer  to  a  beaker,  and  determine  insoluble 
matter  as  outlined  in  Section  5  for  Yellow  Pigments. 

Lead. 

L««d.  47.  Determine  lead  in  the  filtrate  from  the  above  as  outlined  in 

Section  6  for  Yellow  Pigments. 

Iron,  Alumina  and  Chromium. 

Iron,  48.  Determine  iron,  alimiinum  and  chromium  in  the  filtrate  from 

^^J^»^       the  PbS  as  outlined  in  Section  7  for  Yellow  Pigments,  making  a  double 
precipitation. 

Zinc,  Calcium,  and  Magnesium. 

Zinc,  49.  Determine  zinc,  calcium  and  magnesiimi  in  the  filtrate  from 

MacMdunu    ^^^  iioUy  aluminum  and  chromium  determination   as  outlined  in 
Section  8  for  Yellow  Pigments. 


Carbon 
Dioxide. 


Sttlfuric 
Anhydride. 


Carbon  Dioxide. 

50.  Determine  carbon  dioxide  by  the  evolution  method,  using 
dilute  HNO3  (1  :  5). 

Sulfuric  Anhydride. 

51.  Heat  gently  1  g.  of  the  pigment  as  in  Section  46,  cool,  transfer 
to  a  beaker,  add  30  cc.  of  concentrated  HCl,  cover,  and  heat  on  a 
steam-bath  for  about  30  minutes  (in  some  cases,  the  iron  compounds 
will  go  into  solution  more  readily  by  letting  the  solution  stand  for 
some  time  at  room  temperature  and  then  heating).  Wash  off  cover, 
add  50  cc.  of  boiling  water,  boil  for  five  minutes,  filter,  render  the 
filtrate  faintly  alkaline  with  NH4OH,  then  slightly  acid  with  HCl, 
heat  to  boiling,  and  precipitate  with  BaCU  (15  cc.  of  10-per-cent  solu- 
tion) in  the  usual  manner,  boiling  about  ten  minutes.  Filter,  wash 
with  hot  water,  ignite,  and  weigh  the  BaS04. 


Nitrogen. 

Hitrogon.  52.  Determine  nitrogen  on  a  1-g.  portion  of  the  pigment  by  the 

Kjeldahl-Gunning  Method,  digesting  for  at  least  2j  hours. 
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Water-Soluble  Matter. 

53.  Weigh  2.5  g.  of  the  pigment  into  a  graduated  250-cc.  flask,  Water- 
add  100  cc.  of  water,  and  boil  for  five  minutes.  Dilute  with  water,  Mitu* 
let  stand  until  at  room  temperature,  make  up  to  the  mark,  mix,  and 

let  settle.  Filter  through  dry  paper  and  discard  the  first  25  cc.  Trans- 
fer 100  cc.  of  the  clear  filtrate  to  a  weighed  dish,  evaporate  to  drjmess 
on  a  steam-bath,  dry  in  an  oven  at  105°  C.  for  30  minutes,  cool  and 
weigh. 

Added  Coloring  Matter  and  Tinting  Strength. 

54.  Make  the  test  for  added  coloring  matter  and  tinting  strength  Coloring 
in  accordance  with  Section  3.  Also  test  the  pigment  With  dilute  acid  ^•***'* 
for  the  presence  of  ultramarine  blue  (evolution  of  hydrogen  sulfide). 
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TENTATIVE  METHOD  OF  TEST  , 
FOR 
MELTING  POINT  OF  PETROLATUM.* 

Serial  Designation:  D  127-22  T. 

This  is  a  Tentative  Standard  only,  published  for  the  purpose  of  eliciting  critictsm 
and  suggestions.  It  is  not  a  Standard  of  the  Society  and  until  its  adoption  as 
Standard  it  is  subject  to  re^sion. 

Issued,  1922. 

I.  DEFINITION. 

Definition.  1.  AS.TM.  PetfoUUum  Melting  Point. — ^The   temperature   at 

which  petrolatum  becomes  sufficiently  fluid  to  leave  the  thermometer 
used  in  making  the  determination  of  melting  point. 

II.  APPARATUS. 

2.  (a)  The  melting  point  thermometer  shall  conform  to  the 
specifications  for  the  A.S.T.M.  paraffin  wax  melting  point  thermom- 
eter, as  specified  in  Section  6  of  the  Standard  Method  of  Test  for 
Melting  Point  of  Paraffiai  Wax  (Serial  Designation:  D  87)  of  the 
American  Society  for  Testing  Materials.* 

(6)  The  bath  thermometer  shall  be  of  any  smtable  type  accurate 
throughout  the  required  range  to  2°  F. 

Teit  Tubei.  3.  The  test  tubes  shall  be  25  by  100  ncmi.  in  size,  and  shall  be 

supplied  with  corks  grooved  at  sides  to  permit  air  circulation  and 
bored  at  the  exact  center  to  receive  the  themiometer. 

Beakers.  4.  The  beakers  shall  be  of  the  tall  form  type  and  have  a  capacity 

of  600  cc. 

III.    PROCEDURE. 

Procedwe.  5.  (a)  Samples  of  sufficient  size  that  exactly  represent  the  petro- 

latum under  inspection  shall  be  secured.  Ilie  material  shall  be 
melted  slowly  in  a  casserole  or  other  suitable  dish  with  stirring  imtil 
the  temperature  reaches  180®  F.  The  source  of  heat  shall  then  be 
removed  and  the  petrolatiun  allowed  to  cool  to  15®  F,  above  th 

t  Cdtidtmeof  this  TentAtive  Method  are  tolidted  add  thould  be  directed  to  Mr.  Vea  H.  Mamuac 
Secretary  of  Committee  D-2  on  Petroleum  Products  and  Lubricants,  15  W.  Forty-fooftll  8t„  New 
York  Citjr. 

I  A.S.T.M.  Standard!  Adopted  in  1922. 
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temperature  that  it  is  anticipated  will  be  its  melting  point.  The  ther- 
mometer bulb  shall  be  chilled  to  40^  F.,  wiped  dry  and  while  still  cold 
thrust  into  the  melted  petrolatum  so  that  approximately  the  lower 
half  is  submerged.  It  shall  be  withdrawn  immediately,  held  vertically 
away  from  the  heat  until  the  surface  dulls  and  suspended  at  a  temper- 
ature of  not  over  80®  F.  for  60  minutes. 

(b)  The  thermometer  shall  be  securely  fixed  in  a  test  tube  by 
means  of  a  cork  so  that  the  lowest  point  is  15  mm.  above  the  bottom 
of  the  test  tube.  The  test  tube  shall  be  surroimded  with  a  water 
bath  at  a  temperature  of  60°  F.  The  temperature  of  the  bath  shall  be 
raised  at  a  rate  of  2^  F.  per  minute  to  100®  F.,  then  at  a  rate  of  1®  F. 
per  minute  until  the  first  drop  of  petrolatum  leaves  the  thermometer. 
The  temperature  at  this  instant  shall  be  recorded. 

6.  If  the  variation  of  three  such  determinations  does  not  exceed  M«itiii( 
2®  F.,  the  average  of  these  three  determinations  shall  be  reported  as 
the  melting  point  of  the  sample  under  test.  If  the  variation  of  three 
determinations  is  greater  than  2®  F.,  two  additional  determinations 
shall  be  made  and  the  average  of  five  determinations  reported  as  the 
melting  point 
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TENTATIVE  METHOD  OF  ANALYSIS  OF 
GREASE.1 

Serial  Designation:  D  128-22  T. 

This  is  a  Tentative  Standard  only,  published  for  the  purpose  of  eliciting  critidsm 
and  suggestions.  It  is  not  a  Standard  of  the  Society  and  until  its  adoption  as 
Standard  it  is  subject  to  revision. 

Issued,  1922. 

1.  These  methods  of  analysis  permit  determinations  sufficiently 
accurate  for  referee  purposes  of  all  the  constituents  of  greases  likely 
to  be  covered  by  specifications.  These  constituents  are  fillers  and 
ash,  soap  bases,  soap,  fat,  water,  excess  alkali  or  acid,  petroleum 
products  and  imsaponifiable  matter.  No  quantitative  determination 
of  glycerin  is  described,  but  a  procedure  is  outlined  for  its  qualitative 
detection. 

I.    SAMPLE. 

2.  The  size  of  sample  for  the  soap  determination  (Methods  (l) 
and  (2)  for  Determination  of  Fillers,  Soap,  Fat,  Petroleum  Oil  and 
Unsaponifiable  Matter)  shall  be  from  about  8  to  30  g.,  depending 
on  the  consistency  of  the  grease,  which  is  chiefly  determined  by  the 
percentage  of  soap  present.  Ten  to  twenty  grams  is  usually  a  con- 
venient amount  for  No.  3  Cup  Grease,  while  thin  transmission  and 
other  greases  require  a  larger  sample.  The  original  sample  should  be 
stirred  or  mixed  until  uniform. 

3.  Samples  need  not  be  weighed  more  closely  than  0.1  g. 

II.    SOLVENTS. 

4.  The  petroleum  ether  shall  have  an  end  point  not  higher  than 
200°  F.,  and  125  cc.  of  it  shall  not  consume  more  than  0.2  cc.  of  0.5  N 
potassium  hydroxide  when  a  blank  test  is  made  as  follows: 

One  hundred  and  twenty-five  cubic  centimeters  of  petroleum 
ether  shall  be  boiled  with  10  cc.  of  0.5  iV  alcoholic  potassium  hydroxide 
and  50  cc.  of  neutral  50-per-cent  alcohol  for  l|  hours  on  a  hot  plate, 
using^  a  glass  tube  of  about  7  mm.  internal  diameter  and  75  cm. 
long^as^a  reflux  condenser.  After  cooling,  the  solutions  shall  be 
titrated  with  0.5  iV  hydrochloric  acid  and  phenolphthalein.     Not 

^  Criticisms  of  this  Tentative  Method  are  solicited  and  should  be  directed  to  Mr.  Van  H.  Manning. 
Secretary  of  Committee  D-2  on  Petroleum  Products  and  Lubricants,  15  W.  Forty-fourth  St..  New 
York  Cily. 
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less  than  9.8  cc.  of  0.5  iY  add  shall  be  required  for  neutralization. 
The  amount  of  alkali  consumed  in  this  test  shall  be  deducted  as  a 
blank  correction  in  the  fat  determination  on  solution  (£).^ 

5.  The  alcohol  shall  be  prepared  from  commercial  95-per-cent  Alcohol, 
grain  or  denatured  grain  alcohol  by  distilling  from  sodium  hydroxide, 
diluting  to  50  per  cent  (or  70  per  cent)  by  volume  with  distilled  water 

and  neutralizing  exactly  with  sodium  or  potassium  hydroxide  and 
phenolphthalein. 

6.  The  phenolphthalein  solution  shall  be  prepared  by  dissolving  Phenoi- 
1.0  g.  of  phenolphthalein  in  50  cc.  of  strong  redistilled  alcohol,  adding  p***^****"- 
50  cc.  of  water,  and  neutralizing  with  sodium  or  potassium  hydroxide. 

7.  Concentrated   c.p.    hydrochloric   acid   shall   be   used   when  Hydrochloric 
"concentrated  hydrochloric  acid"  is  specified.     Hydrochloric  acid,  ^    * 
10-per-cent,  shall  contain  10  per  cent  by  weight  of  absolute  HCl,  with 

a  permissible  variation  of  =*=  0.5  per  cent. 

III.    PROCEDURE. 

{A)  Determination  of  Ask 

Note. — The  determination  of  the  total  ash  should  not  in  general  be  regarded 
as  of  any  great  importance.  It  is,  however,  sometimes  required.  This  determina- 
tion is  often  unsatisfactory  on  account  of  interaction  between  sodiimi  carbonate 
derived  from,  the  soap,  and  inorganic  fillers.  There  is  always  likelihood  of  reaction 
with  the  porcelain  crucible  itself  on  account  of  the  long  continued  heating  necessary 
to  bum  out  all  carbon.  Moreover,  if  much  sodium  or  potassium  carbonate  is  present, 
the  ash  is  fusible  and  often  encloses  carbon,  making  complete  removal  of  the  latter 
very  difficult.  Results  will  always  be  low  in  the  presence  of  easily  reducible  ondes 
of  volatile  metals.  There  is  also  uncertainty  as  to  when  calcium  carbonate  has 
been  completely  ignited  to  calcium  oxide.  Ash  determinations  made  on  the  same 
sample  in  different  laboratories  are  likely  to  vary  widely.  For  these  reasons,  it  is 
usually  preferable  to  make  separate  determinations  of  the  percentage  of  fillers  and 
of  soap,  from  which  data  a  calculation  is  easily  made  giving  all  the  information  to 
be  gained  from  a  direct  determination  of  total  ash. 

8.  The  percentage  of  ash  shall  not  be  included  in  the  total  of 
the  analysis. 

(i)  Rapid  Routine  Method  of  Ash  Determination, 

9.  From  2  to  5  g.  of  grease  shall  be  placed  in  a  weighed  porcelain 
crucible,  and  the  sample  weighed  to  the  nearest  0.1  g.  If  lead  or 
zinc  soap  is  known  to  be  absent,  a  platinum  crucible  is  more  con- 
venient. The  combustible  matter  shall  be  burned  oflf  slowly  and  the 
residue  finally  ignited  until  the  ash  is  free  of  carbonaceous  matter. 
The  crucible  and  contents  shall  then  be  cooled  in  a  desiccator  and 
weighed,  reporting  the  result  as  percentage  of  ash. 

1  Solutions  designated  by  capital  letters  in  parentheses  refer  to  the  solutions  given  in  Fig.  1. 
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(2)  Alternative  Method  of  Ash  Determination. 

10.  The  sample  shall  be  burned  as  in  method  (l)  until  the  ash  is 
nearly  free  from  carbon.  The  crucible  and  contents  shall  then  be 
cooled,  the  soluble  portions  dissolved  in  a  little  water,  and  a  slight 
excess  of  dilute  sulfuric  acid  added,  running  the  acid  in  carefully 

.  from  a  pipette  inserted  imder  a  small  watch  glass  covering  the  crucible. 
The  crucible  and  contents  shall  then  be  warmed  on  the  steam  bath 
until  effervescence  has  ceased.  The  watch  glass  shall  then  be  rinsed 
with  water  into  the  crucible.  The  solution  when  tested  with  methyl 
orange  for  free  acidity  shall  show  free  acid  present.  The  contents 
of  the  crucible  shall  be  evaporated  to  drjoiess,  and  the  whole  ignited 
at  a  low  red  heat,  adding  a  few  small  pieces  of  dry  ammonium  car- 
bonate to  drive  off  the  excess  of  sulfur  trioxide.  After  cooling  and 
weighing,  the  result  shall  be  reported  as  ''percentage  of  ash  as  sul- 
fates." 

The  alternative  method  gives  more  concordant  results  than  the 
first  method,  but  requires  more  time  and  manipulation. 

{B)  Qualitative  Examination  of  Ash, 

11.  An  easily  fusible  ash,  dissolving  completely  in  water  to  give 
a  strongly  alkaline  solution,  indicates  a  grease  containing  sodium, 
potassium,  or  both.  A  white  infusible  ash,  practically  insoluble  in 
water,  but  imparting  to  it  an  alkaline  reaction,  may  indicate  calcium, 
with  or  without  magnesium  or  aluminium.  Zinc  is  shown  by  the 
yellow  color  of  the  ash  while  hot,  and  lead  may  be  indicated  by  the 
presence  of  metallic  globules,  or  by  the  yellow  color  of  the  ash  when 
cold. 

12.  The  ash  shall  be  dissolved  in  dilute  nitric  or  hydrochloric 
acid,  and  the  presence  of  the  several  bases  confirmed  by  suitable 
chemical  tests,  any  standard  scheme  of  qualitative  analysis  being 
followed. 

(C)  Quantitative  Examination  of  Ash, 

13.  For  the  quantitative  examination  of  ash  any  standard 
analytical  procedure  shall  be  used,  the  choice  of  methods  being  based 
on  tie  information  gained  from  the  qualitative  tests.  If  only  one 
base  is  present,  a  quantitative  determination  is  in  general  unnecessary. 

(Z?)  Determination  of  Fillers^  Soap,  Fat,  Petroleum  Oil  and  Un- 
saponifiable  Matter. 

14.  Cup,  fiber  and  sponge  greases,  with  or  without  graphite, 
and  all  comparatively  light  color6d  greases,  including  axle  greases. 
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shall  be  examined  by  method  (l).  Dark  greases  containing  residumn, 
asphaltic  oils  and  asphalt,  tars,  etc.,  shall  be  examined  by  method  (2), 
as  these  ingredients  usually  cause  stubborn  emulsions  if  a  shaking- 
out  process  is  applied  at  the  start. 

(i)  Determination  of  Filler,  Soap,  Fat,  Etc. 

15.  The  sample  ^all  be  weighed  in  a  small  beaker  (see  Section  2),  Dctormina- 
75  cc.  of  petroleiun  ether  and  50  cc.  of  10-per-cent  hydrochloric  add  KUen 
added  and  the  beaker  warmed  on  the  steam  bath,  stirring  until  all 

soap  lirnips  have  disappeared  and  the  upper  layer  is  clear.  If  undis- 
solved mineral  matter  or  other  filler  is  present,  both  layers  shall  be 
filtered  through  a  Gooch  crucible  provided  with  a  suitable  mat,  the 
beaker  and  crucible  washed  with  water  and  petroleum  ether,  and  the 
crucible  finally  washed  with  strong  alcohol,  collecting  the  alcohol 
washings  separately  and  discarding  them.  The  crucible  and  con- 
tents shall  then  be  dried  at  120*^  C.  and  weighed,  and  the  result 
reported  as  "percentage  of  insoluble  matter'*  (graphite,  mica,  talc, 
asbestos,  gypsum,  wood  pulp,  etc.) 

16.  If  gypsum  is  present  as  a  filler,  the  results  obtained  in  the  D«t«niiiiui- 
determination  described  in  Section  15  will  be  too  low  because  of  the  ^^^ 
solubility  of  calcium  sulfate  in  hydrochloric  acid.    A  sample  of  about    ^ 

5  g.  of  grease,  shall  be  weighed  in  a  small  beaker,  and  decomposed 
with  50  cc.  of  petroleum  ether  and  25  cc.  of  concentrated  hydro- 
chloric acid,  warming  on  the  steam  bath  until  all  gypsiun  is  dissolved. 
The  contents  of  the  beaker  shall  be  cooled  and  poured  into  a  separa- 
tory  funnel,  the  beaker  rinsed  with  water  and  a  little  petroleum  ether 
and  the  solutions  in  the  funnel  allowed  to  separate  clearly.  The 
tower  layer  shall  then  be  drawn  into  a  beaker,  and  the  petroleum 
ether  in  the  separator  washed  with  two  portions  of  20  cc.  each  of  10- 
per-cent  hydrochloric  add,  adding  the  washes  to  the  strong  add 
solution  in  the  separator.  The  hydrochloric  add  solution  in  the 
beaker  shall  then  be  evaporated  on  the  steam  bath  almost  to  dry- 
ness, diluted  to  150  cc.  with  water,  heated  to  boiling  and  treated 
with  10  cc.  of  10-per-cent  barium  chloride  solution.  The  barium 
sulfate  shall  then  be  filtered  off  and  ignited  in  the  usual  way,  and 
from  the  weight  of  the  barium  sulfate,  the  percentage  of  calcium 
sulfate  shall  be  calculated,  reporting  it  as  CaS04*  2HjO. 

Note. — Chalk  and  other  forms  of  alkaHne  earth  carbonates  are  not  determined       ^ 
by  this  method,  but  are  considered  under  the  determination  of  free  alkalinity, 
Section  24. 

17.  The  combined  filtrate  and  washes  from  the  determination  Datennliia- 
of  fillers  (Section  15),  except  the  alcohol,  which  is  discarded,  "shall  be  tto»*'.*^P« 
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placed  in  a  separator,  allowed  to  clear,  and  the  aqueous  layer  (A),^ 
which  contains  all  the  bases  as  well  as  glycerin,  shall  be  drawn  into 
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Pig.  1. — Scheme  of  Grease  Analysis. 

another  separator.     The  petroleum  ether  layer  (B)  shall  be  washed 
three  times  with  25  cc.  of  water  to  remove  hydrochloric  add,  adding 

*  Solutions  designated  by  capital  letters  in  parentheses  refer  to  the  solutions  given  in  Pig.  1. 
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the  washings  to  (^4).  Solution  (jB)  shall  then  be  run  into  a  250-cc. 
separator.  The  aqueous  solution  (A)  shall  then  be  washed  twice 
with  20  cc.  of  petroleum  ether  (C),  whereupon  (A)  is  set  aside  for 
examination  for  glycerin  (see  Section  18).  Solution  (C)  shall  then 
be  washed  once  with  15  cc.  of  water,  which  is  rejected,  and  (C)  shall 
be  added  to  (B),  If  (jB)  and  (C)  are  comparatively  light  colored,  an 
approximate  determination  of  free  fatty  acids  and  fatty  adds  from 
soap  may  now  be  made  by  titrating  the  solution  in  the  separator 
with  0.5  N  alcoholic  potassium  hydroxide  and  phenolphthalein, 
using  200  as  the  average  neutralization  value  of  the  fatty  acid  (that 
is,  1.0  g.  of  fatty  acid  requires  200.  mg.  of  absolute  KOH  for  neutral- 
ization). If  solutions  (B)  and  (C)  are  dark,  a  few  drops  of  phenol- 
phthalein and  sufficient  0.5  N  alcoholic  potassium  hydroxide  shall 
be  added  to  make  the  alcoholic  layer  distinctly  alkaline  after  vigorous 
shaking.  If  the  solutions  have  been  titrated,  a  slight  excess  of  alkali 
shall  be  added  before  separating.  The  conservative  addition  of 
strong  alcohol  at  this  point  may  aid  in  securing  rapid  and  sharp 
separation.  The  two  solutions  shall  be  allowed  to  <^parate  sharply, 
and  the  lower  alcoholic  layer  (D)  drawn  oflF  into  another  separator. 
The  upper  petroleum  ether  layer  (E)  shall  be  washed  three  times, 
with  30,  25  and  20  cc.  of  neutral  50-per-cent  alcohol  respectively, 
adding  these  washes  to  (D),  Solution  (D)  shall  be  washed  with  25 
cc.  of  petroleum  ether,  after  which  (D)  is  drawn  off  into  a  beaker, 
and  the  petrolexmi  ether  added  to  (£).  Solution  (D)  shall  then  be 
evaporated  to  a  small  volume  to  remove  alcohol,  the  residue  of  potas- 
siimi  soap  washed  iiito  a  separator  with  hot  water,  acidified  with 
hydrochloric  add  and  shaken  out  three  times,  with  50,  30  and  20  cc. 
of  petroleum  ether  (F),  respectively.  Solution  (F)  shall  be  run  into 
another  separator  and  washed  twice  with  20-cc.  portions  of  water, 
which  is  discarded.  Solution  (F)  shall  then  be  transferred  to  a 
weighed  beaker  and  evaporated  to  dryness  on  the  steam  bath,  blowing 
with  air  to  remove  all  traces  of  petroleum  ether.  The  residue  con- 
sisting of  free  fatty  add  and  fatty  acid  from  soap  shall  be  heated 
one  hour  at  120°  C.  and  weighed.  The  exact  neutralization  value 
shall  then  be  determined  on  as  large  a  sample  of  these  fatty  adds  as 
possible.  From  the  total  fatty  add  found  here,  the  free  acid  if  any 
(see  sections  23  and  25)  shall  be  deducted  and  the  remainder  cal- 
culated to  percentage  of  soap,  using  the  ash  analysis  as  a  guide  in 
distributing  the  bases,  if  more  than  one  are  present. 

The  fatty  adds  may  be  identified  to  some  extent  by  spedal 
tests,  such  as  odor,  crystal  form,  melting  point,  iodine  number,  neutral- 
ization value,  color  reactions,  etc. 
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18.  In  case  it  is  desired  to  determine  whether  a  grease  has  been 
made  from  whole  fats  or  from  fatty  acids,  solution  (^4)  shall  be  neutral- 
ized with  dry  sodium  carbonate  and  sufficient  excess  added  to  pre- 
cipitate caldum  or  other  metals.  The  whole  mass  shall  then  be 
evaporated  to  drjoiess,  the  residue  extracted  several  times  with 
strong  alcohol,  the  combined  alcoholic  extracts  filtered,  and  the 
alcohol  evaporated.  The  residue  will  then  contain  most  of  the  glycerin, 
with  a  little  sodiiun  chloride.  The  presence  or  absence  of  glycerin 
in  the  residue  shall  be  confirmed  by  suitable  qualitative  tests. 

Since  fats  on  saponification  yield  between  10  and  11  per  cent  of 
glycerin,  and  this  analytical  scheme  does  not  include  a  quantitative 
determination  of  glycerin,  the  total  percentages  in  greases  made 
from  fats  should  always  be  less  than  100. 

19.  The  petroleiun  ether  solution  (E)  (Section  17),  containing 
free  fat,  petroleiun  oils,  and  unsaponifiable  matter  shall  be  concen- 
trated to  a  volume  of  about  125  cc.  in  a  300-cc.  Erlenmeyer  flask,  10 
cc.  of  0.5  N  alcohohc  potassium  hydroxide  and  50  cc.  of  strong  neutral 
alcohol  added,  and  the  whole  boiled  on  a  hot  plate  with  an 
air  condenser  for  ij  hours.  The  imcombined  alkali  shall  be 
titrated  with  0.5  N  hydrochloric  acid,  and  from  the  alkali  consumed, 
corrected  for  the  blank  determination  as  specified  in  Section  4,  the 
percentage  of  free  fat  shall  be  xalculated,  using  195  as  the  average 
saponification  value  (that  is,  1.0  g.  of  fat  requires  195  mg.  of  absolute 
KOH  for  saponification.) 

The  titrated  solution  (G)  shall  be  placed  in  a  separator,  the 
alcoholic  lower  layer  (H)  drawn  oflf  into  another  separator  and  the 
remaining  traces  of  soap  removed  as  described  for  (5)  and  (C),  Sec- 
tion 17,  making  only  two  washes  with  30  and  20  cc.  of  50-per-cent 
alcohol  (/).  Solutions  (H)  and  (/)  shall  be  combined,  washed  once 
with  a  little  petroleum  ether,  which  is  added  to  solution  (G),  and 
solutions  (H)  and  (/)  then  evaporated  to  a  small  volxmie  and  the 
fatty  add  isolated  as  described  for  (Z?),  Section  17.  The  percentage 
of  fat  may  be  checked  by  wdghing  and  titrating  the  free  fatty  add. 

20.  The  petroleum  ether  solution  (G),  now  containing  all  the 
hydrocarbon  oils  and  unsaponifiable  matter  shall  be  evaporated  to 
dryness  in  a  weighed  beaker  as  described  for  (F),  Section  17,  the 
residue  wdghed,  and  the  result  reported  as  "petroleiun  oils  plus 
unsaponifiable  matter." 

An  approximate  determination  of  the  viscosity  of  the  petroleum 
oil  may  be  made  by  using  a  2  or  5-cc.  pipette,  which  has  been  standard- 
ized against  oils  of  known  viscosities.  If  a  complete  characterization 
of  the  petroleum  products  is  required,  a  new  sample  of  from  150  to 
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200  g.  of  grease  shall  be  decomposed  as  described  above,  except  that 
all  quantitative  operations  shall  be  omitted,  as  well  as  the  isolation 
of  the  free  fatty  adds,  and  the  use  of  standard  alkali  and  acid  is  not 
necessary. 

If  the  grease  contains  rosin  oil,  beeswax,  de  gras,  spermaceti,  ' 
spermatin,  montan  wax,  candle  pitch,  and  other  materials  containing 
a  large  amount  of  unsaponifiable  substances,  the  petroleum  oils 
isolated  from  solution  (G)  will  contain  the  unsaponifiable  matter, 
and  the  constants  foimd  will  differ  from  those  of  the  petroleum  pro- 
ducts used  in  making  the  grease.  In  most  cases,  no  further  separation 
is  possible  except  in  the  hands  of  skillful  and  experienced  operators 
who  can  devise  special  methods  to  suit  the  individual  conditions. 

(«)  DeterminaUan  of  Filler,  Soap,  Fat,  Etc. 

21.  The  sample  shall  be  weighed  in  a  3-in.  porcelain  dish,  10  g.  Method  for 
of  granulated  acid  potassium  sulfate  added  and  10  g.  of  clean  dry  ^"^ 
ignited  sand.     The  dish  and  contents  shall  be  heated  on  the  steam 

bath  with  frequent  stirring  until  all  water  is  driven  off,  two  hours 
usually  being  sufficient.  After  cooling  and  breaking  up  lumps  with 
a  small  pestle,  the  mixture  shall  be  transferred  quantitatively  to  an 
extraction  thimble,  using  a  little  petroleum  ether  to  wash  the  last 
traces  into  the  thimble,  which  should  be  already  placed  in  a  Soxhlet 
apparatus.  The  thimble  shall  be  extracted  thoroughly  with  petroleum 
ether,  the  extract  concentrated  somewhat  if  necessary,  and  the  free 
fatty  acid  and  fatty  add  from  soap  titrated  with  0.5  iV^  alcoholic 
potassium  hydroxide  as  in  solutions  (B)  and  (C),  in  method  (l), 
Section  17.  From  this  point  on,  the  procedure  is  identical  with  that 
given  in  method  (l).  Sections  17,  19  and  20. 

22.  The  thimble  shall  be  extracted  a  second  time  with  carbon  Determina- 
disulfide,  the  extract  evaporated  to  dryness,  heated  for  one  hour  to  ?®V*'j. 
120^  C.  and  weighed,  the  results  being  reported  as  asphaltic  and  Tarry  Matter* 
tarry  matter.    The  residue  in  the  thimble  shall  be  discarded, 

(E)  Dekrminaiion  of  Free  Alkali  and  Free  Acid. 

23.  From  10  to  30  g.  of  grease  shall  be  weighed  in  a  small  beaker.  Free  AUcaU. 
dissolved  as  completely  as  possible  in  75  cc.  of  petroleum  ether  by 
stirring  with  a  spatula,  the  mixture  washed  into  a  250-cc.  Erlenmeyer 

flask  with  a  small  amount  of  petroleum  ether,  and  the  beaker  rinsed 
with  50  cc.  of  70-per-cent  alcohol,  the  alcohol  being  poured  into  the 
flask,  after  which  a  few  drops  of  phenolphthalein  solution  shall  be 
added  and  the  whole  shaken  vigorously.    If  the  alcoholic  layer,  after 
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settling  for  a  few  seconds,  is  pink,  10  cc.  of  0.5  N  hydrochloric  add 
shall  be  added,  the  solutions  boiled  on  a  hot  plate  for  ten  minutes  to 
expel  carbon  dioxide,  and  the  excess  acid  titrated  back  with  0.5  N 
alcoholic  potassium  hydroxide.  The  free  alkalinity  shall  be  calculated 
in  terms  of  hydroxide  of  the  predominating  base. 

24.  If  chalk  or  any  other  form  of  alkaline  earth  carbonate,  or 
lead  carbonate,  is  present  as  a  filler,  it  will  be  detected  by  eflfervescence 
on  adding  the  hydrochloric  acid.  As  the  amoimt  of  such  carbonates 
is  likely  to  be  considerable,  the  volume  of  0.5  N  hydrochloric  acid 
added  shall  be  increased  sufficiently  to  dissolve  all  carbonate  and 
leave  a  slight  excess  of  acid.  The  solution  shall  be  boiled  for  two 
minutes  and  the  excess  acid  titrated  back  with  0.5  N  alcoholic  potas- 
sium hydroxide,  and  from  the  add  consumed,  its  equivalent  in  caldum 
carbonate,  etc.,  shall  be  calculated,  disregarding  any  other  forms  of 
alkalinity  which  may  have  been  present. 

25.  If  the  original  alcoholic  layer  is  not  pink,  the  solution  shall 
be  titrated  carefully  in  the  cold  with  0.5  N  alcoholic  potassiiun  hydrox- 
ide, shaking  well  after  each  addition.  The  addity  shall  be  calculated 
as  oldc  acid. 

26.  If  soaps  of  iron,  zinc,  alimoiinium,  or  other  weak  bases  are 
present,  a  determination  of  free  add  is  not  possible,  since  these  metal- 
lic soaps  react  with  potassium  hydroxide.  Up  to  the  present,  no 
means  has  been  devised  whereby  this  determination  can  be  made 
directly. 

(F)  Determination  of  Water. 

27.  The  quantity  of  water  shall  be  determined  in  accordance 
with  the  Teiitative  Method  of  Test  for  Water  in  Petroleum  Products 
(Serial  Designation:  D  95  -  21  T)  of  the  American  Society  for  Test- 
ing Materials.* 

^Proceedings,  Am.  Soc.  Test.  Mats..  Vol.  21.  p.  666  (1921). 
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TENTATIVE  METHOD  OF  TEST 
FOR 

SULFUR  IN  PETROLEUM  OILS  HEAVIER  THAN 
ILLUMINATING  OIL.^ 

Serial  Designation:  D  129-22  T. 

This  is  a  Tentative  Standard  only,  published  for  the  purpose  of  eliciting  criticism 
and  suggestions.  It  is  not  a  Standard  of  the  Society  and  until  its  adoption  as 
Standard  it  is  subject  to  revision. 

Issued,  1922. 

I.    APPARATUS. 

1.  The  oxygen  bomb  shall  have  a  capacity  of  not  less  than  300  cc,  Oxygen 
and  shall  be  of  a  design  or  construction  such  that  no  leaks  shall  occur  ^®"^' 
at  any  pressure  or  temperature  generated  during  the  test  and  such 

that  when  oi>en,  liquid  contents  can  be  easily  and  completely  drained. 
The  inner  surfaces  shall  be  of  materials  that  are  chemically  and  physi- 
cally resistant  to  the  process  or  products  of  combustion.  The  gaskets, 
insiilating  materials,  etc.,  shall  be,  as  far  as  possible,  physically  and 
chemically  resistant  and  in  no  event  shall  they  undergo  any  reaction 
which  would  increase  or  decrease  the  sulfur  content  of  the  bomb  liquors. 

2.  The  oil  cup  shall  be  of  platinum,  glazed  silica,  or  other  suitable  Oil  Cup. 
material,  with  a  capacity  of  not  less  than  2.5  cc.  nor  more  than  5.0  cc. 

3.  If  a  platinum  oil  cup  is  used,  the  fuse  wire  shall  be  of  platinum;  Fw*  wire, 
if  a  glazed  silica  oil  cup  is  used,  the  fuse  wire  may  be  of  either  platinum 

or  iron.    No.  35  B.  &  S.  gage  is  a  convenient  size. 

4.  (a)  The  distilled  water  and  all  reagents  should  be  sulfur  free,  Reagents, 
but  in  such  cases  where  it  is  necessary  to  employ  reagents  not  sulfur 

free,  blanks  shall  be  run  and  the  figures  thus  obtained  used  to  correct 
the  results  of  actual  determinations. 

(b)  The    barium    chloride   solution    shall    contain    100    g.    of 
BaCLs-2HjO  per  liter. 

II.    PROCEDURE. 

5.  (a)  Twenty  cubic  centimeters  of  distilled  water  shall  be  placed  Procedure, 
in  the  bottom  of  the  bomb.    From  0.6  to  0.8  g.  of  the  oil  to  be  tested 

1  Criticinu  of  this  Tentative  Method  are  toUcitad  and  should  be  directed  to  Mr.  Van  H.  Manning. 
Secretary  of  Committee  D-2  on  Petrdetmi  Products  and  LubricanU.  15  W.  Porty-fourth  St..  New 
York  City. 
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shall  be  placed  in  the  weighed  oil  cup  and  the  weight  of  this  charge 
shall  be  determined  to  an  accuracy  of  at  least  =fc  0.002  g.  The  cup 
shall  be  placed  in  the  proper  position  in  the  bomb.,  the  ignition  mechan- 
ism arranged  and  the  bomb  closed.  Oxygen  shall  be  admitted  slowly 
until  a  pressure  is  reached  as  indicated  by  the  following  table: 

MiKDcuM  Gagb  Prbssukk. 
CAPAaTY  OF  Bomb,  cc.  Atmosphbrks. 

300  to  350 40 

350  to  400 35 

400  to  450 30 

450  to  500 27.5 

Above  500 25 

The  leads  from  the  firing  circuit  shall  be  attached,  the  bomb  placed 
in  a  bucket  of  cold  water,  and  ignited.  The  bomb  shall  be  allowed  to 
stand  in  the  water  for  10  minutes  and  shall  then  be  removed.  The 
valve  of  the  bomb  shall  be  opened,  allowing  the  gas  to  escape  at  an 
approximately  even  rate  so  that  the  pressure  is  reduced  to  atmospheric 
in  not  less  than  1  minute.  The  bomb  shall  be  opened,  and  all  parts 
of  its  interior,  including  the  oil  cup,  rinsed  with  a  fine  jet  of  distilled 
water.  All  washings,  which  should  not  amount  to  more  than  350  cc, 
shall  be  collected  in  a  beaker.  Particular  care  should  be  taken  not  to 
lose,  by  splashing,  or  otherwise,  any  of  the  liquid  contents  of  the  bomb. 
The  washings  shall  be  filtered  through  a  washed  "qualitative"  filter 
paper.  The  filter  shall  be  washed  thoroughly.  Two  cubic  centimeters 
of  concentrated  HCl  and  10  cc.  of  saturated  bromine  water  shall  be 
added  to  the  filtrate.  The  solution  shall  be  evaporated  to  about  75  cc. 
on  a  steam  bath  or-  hot  plate.  Ten  cubic  centimeters  of  hot  barium 
chloride  solution  shall  be  added  in  a  fine  stream  or  drop-wise  to  the 
hot  solution,  stirring  during  the  addition  and  for  two  minutes  after- 
ward. The  solution  shall  be  allowed  to  stand  over  night,  or  shall  be 
kept  hot  for  one  hour  on  the  steam  bath  or  hot  plate,  allowing  the 
precipitate  to  settle  for  another  hour,  while  cooling.  The  supernatant 
liquid  shall  be  filtered  through  an  "ashless  quantitative"  filter  pap)er, 
the  precipitate  washed  with  water,  first  by  decantation,  then  on  the 
filter,  till  free  from  chloride.  The  paper  and  precipitate  shall  be  trans- 
ferred to  a  suitable  weighed  crucible,  dried  at  low  heat  till  moisture  is 
evaporated,  the  paper  charred. (without  flaming),  and  finally  ignited  at 
a  good  red  heat  till  the  precipitate  is  just  burned  white.  A  satis- 
factory means  of  accomplishing  these  operations  is  to  place  the  crucible 
containing  the  wet  filter  paper'  in  a  cold  electric  muffle  furnace  and 
to  turn  on  the  current.  Drying,  charring,  and  ignition  wiU  usually 
occur  at  the  desired  rate. 
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(b)  After  ignition  is  complete,  the  crucible  shall  be  allowed^to 
cool  to  room  temperature,  and  weighed.  The  use  of  a  desiccator  is 
not  recommended. 

(c)  From  the  increase  in  weight  of  the  crucible  the  p>ercentage  of 
sulfur  shall  be  calculated  from  the  formula: 

^  ^     ,^         grams  of  BaS04  X  13. 734 

Percentage  of  sulfur  — — -r 

grains  of  oil  used. 

6.  Duplicate  determinations  should  agree  to  «fc2  per  cent  on  the  Accimcy. 
basis  of  the  sulfur  found. 
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TENTATIVE  METHOD  OF  TEST 

FOR 

DETECTIONlTOF  FREE  SULFUR  AND  CORROSIVE  SUL- 
FUR COMPOUNDS  IN  GASOLINE.* 

Serial  Designatioii:  D  130-22  T. 

This  is  a  Tentative  Standard  only,  published  for  the  purpose  of  eliciting  criticism 
and  suggestions.  It  is  not  a  Standard  of  the  Society  and  until  its  adoption  as 
Standard  it  is  subject  to  revision. 

Issued,  1922. 

Scope.  1.  This  method  of  test  shall  be  used  for  the  detection  of  free 

sulfur  and  corrosive  sulfur  compounds  in  gasoline. 
Procedure.  2.  A  clean  Strip  of  mechanically  polished  pure  sheet  copper 

about  I  in.  in  width  and  3  in.  in  length  shall  be  placed  in  a  suitable 

clean  tube  or  sample  bottle.     Gasoline  under  test  shall  be  added  so 

that  the  copper  strip  is  completely  immersed.     The  test  tube  or 

sample  bottle  shall  be  closed  with  a  loosely  fitting  cork  and  held  in  a 

suitable  bath  at  122''  F.  (50''  C). 

At  the  end  of  three  hours  the  gasoline  exposed  strip  shall  be 

removed  and  shall  be  compared  with  a  similar  strip  of  freshly  poEshed 

copper. 
Detection  of         3.  The  presence  of  sulfur  or  corrosive  sulfur  compounds  is  indi- 
Soifur.         cated  by  the  corrosion  or  discoloration  of  the  gasoline  exposed  strip 

when  compared  with  the  fresh  copper  strip. 

4.  (a)  Gasoline  shall  be  reported  as  passing  the  test  when  on 

examination  the  exposed  strip  shows  no  discoloration  as  compared 

with  the  fresh  copp>er  strip. 

(b)  Gasoline  shall  be  reported  as  not  passing  the  test  when  on 

examination  the  exposed  strip  shows  discoloration  as  compared  with 

the  fresh  copper  strip. 


>  CriticistDs  of  this  Tentative  Method  ase  ■olicited  and  should  be  directed  to  Mr.  Van  H.  Manning. 
Secretary  of  Committee  D-2  on  Petroleum  Products  and  Lubricants.  15  W.  Forty-fourth  St.,  New 
York  City. 
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TENTATIVE  METHOD  OF  TEST 

FOR 

CLOUD  AND  POUR  POINTS  OF  PETROLEUM  PRODUCTS.' 

Serial  Designation:  D  97-22  T. 

This  is  a  Tentative  Standard  only,  published  for  the  purpose  of  eliciting  criticism 
and  suggestions.  It  is  not  a  Standard  of  the  Society  and  until  its  adoption  as 
Standard  it  is  subject  to  revision. 

Issued,  1921:   Revised,  1922. 

1.  (a)  The  Cloud  Point  of  a  petroleum  ofl  is  that  temperature  at  cioud  Point, 
which  paraffin  wax  or  other  solid  substances  begin  to  crystallize  out 

or  separate  from  solution  when  the  oil  is  chilled  under  certain  definite 
specified  conditions. 

(b)  The  Pour  Point  of  a  petroleum  oil  is  the  lowest  temperature  Pour  Point, 
at  which  this  oil  will  pour  or  flow  when  it  is  chilled  without  disturb- 
ance under  certain  definite  specified  conditions. 

2.  (a)  The  test  for  cloud  point  shall  be  used  only  for  oils  which  Seope. 
are  transparent  in  layers  1^  in.  thick. 

(b)  The  test  for  pour  point  shall  be  used  for  all  other  petroleum 
oils  and  may  be  used  for  oils  on  which  the  test  for  cloud  point  is 
permitted. 

I.    APPARATUS. 
(Pee  Pis;.  I .) 

3.  The  test  jar,  a,  shall  be  of  clear  glass,  cylindrical  form,  flat  Test  jar. 
bottom,  approximately  1}  in.  in  inside  diameter  and  4^  to  5  in.  high. 

An  ordinary  4-oz.  oil  sample  bottle  may  be  used  if  the  test  jar  is 
not  available. 

4.  The  thermometer,  b,  shall  conform  to  the  following  specifi   Thermometer,    j 
cations. 

Type:  Etched  stem  glass. 

Total  length:  222  mm. 

Stem:  Plain  front,  enamel  back,  suitable  thermometer  tubing;  diameter  7  to  8  mm. 

Bulb:    Coming  Normal.     Jena  16  III,  or  equally  suitable  thermometric  glass: 

maximtun  length,  9.5  nun.;  diameter,  not  greater  than  stem. 
Actuating  liquid:  Mercury. 
Range:    -36»to  +120*  P. 

1  Criticisms  of  this  Tentative  Method  are  solicited  and  should  be  disected  to  Mr.  Van  H.  Manning. 
Secretary  of  Committee  D-2  on  Petroieum  Products  and  Lubricaatt,  15  W.  Forty-fourth  St..  New 
York  City. 
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782      Tentative  Method  of  Test  for  Cloud  and  Pour  Points. 

Immersion:  4}  in.   The  words  "4}-in.  immersion"  etched  on  the  stem  and  also  a  line 

around  the  stem  to  indicate  the  depth  of  immersion. 
Distance  to  -36*  line  from  bottom  of  bulb:  120  to  130  mm. 
Distance  to  120*  line  from  top  of  stem:  19  to  25  mm. 
Expansion  chamber:  To  hold  212*  P. 
Filled:  Nitrogen  gas. 
Top  finish:  Plain. 

Graduation:  All  lines,  figures  and  letters  clear  cut  and  distinct. 
Scale  graduated  in  2^  P.  divisions. 

Scale  numbered  every  20®  F.  starting  at  -20°  F.,  the -30°  line  and  each 
succeeding  10°  line  to  be  longer  than  the  others. 
Special  markings:   "A.S.T.M.  Cloud  and  Pour/'  serial  number  and  manufacturer's 

name  or  trade  mark  etched  on  the  stem. 
Accuracy:  Error  at  any  point  on  scale  shall  not  exceed  one  smallest  scale  division. 
Points  to  be  tested  for  certification:    -28°,  +32°,  +92°  F. 

Cork.  5.  The  cork,  c,  shall  fit  the  test  jar,  and  shall  be  bored  centrally 

to  take  the  test  thermometer. 

Jacket.  6.  The  jacket,  d,  shall  be  of  glass  or  m^tal,  shall  be  water  tight, 

of  cylindrical  form,  flat  bottom,  about  4^  in.  deep,  with  inside  diameter 
i  in.  greater  than  outside  diameter  of  the  test  jar. 

Cork  Disk.  7.  A  disk  of  cork  or  felt,  e,  i  in.  thick  and  of  the  same  diameter 

as  the  inside  of  the  jacket  will  be  required* 

Gasket.  8.  The  ring  gasket,  /,  shall  be  about  ^  in.  thick,  and  made  to 

fit  snugly  around  the  outside  of  the  test  jar  and  loosely  inside  the 
jacket.  This  gasket  may  be  made  of  cork,  felt  or  other  suitable 
material,  elastic  enough  to  cling  to  the  test  jar  and  hard  enough  to 
hold  its  shape.  The  purpose  of  the  ring  gasket  is  to  prevent  the  test 
jar  from  touching  the  jacket. 

Bath.  9.  The  cooling  bath,  g,  shall  be  of  a  t3rpe  suitable  for  obtaining 

the  required  temperatures.  The  size  and  shape  of  the  bath  are 
optional  but  a  support,  suitable  for  holding  the  jacket  firmly  in  a 
vertical  position,  is  essential.  The  required  bath  temperatures  may 
be  maintained  by  refrigeration  if  available,  otherwise  by  suitable 
freezing  mixtures. 

Note. — The  freezing  mixtures  commonly  used  are  as  follows: 
For  temperatures  down  to      35°  F.,  ice  and  water. 
"  "  "      "     - 5<>  p.^  crushed  ice  and  sodium  chloride. 

"       ■".    --''-^srF.Vtinished  ice  and  caldmn  chloride. 
"         .    "  **    :**  -70°  F.,  solid  carbon  dioxide  and  acetone. 

The  last  named  mixture  may  be  made  as  follows:  In  a  covered  metal  beaker 
chill  a  suitable  amount  of  acetone  to  10°  F.,  or  lower,  by  means  of  an  ice-salt  mixtore. 
Invert  a  cylinder  of  liquid  carbon  dioxide  and  draw  off  careftdly  into  a  duunois  don 
bag  the  desired,  amount  of  carbon  dioxide,  which  through  rapid  evaporation  will 
quicUy  become . solid. ,  T&qi  add  to.  the  chilled  acetone  ehoi|ygh,pfjaie-soUd.car1^ 
dioxide  to  give  the  desired  temperature.  -  :•  . .- . 
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10.  The  oil  to  be  tested  shaD  be  brought  to  a  temperature  at  Procedure 
least  25°  F.  above  the  approximate  cloud  point.    Moisture,  if  present,  p^j^i®"** 
shall  be  removed  by  any  suitable  method,  as  by  filtration  through  dry 
filter  paper  until  the  oil  is  perfectly  clear,  but  such  filtration  shall  be 
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Pig.  1. — ^Apparatus  for  Cloud  and  Pour  Test 
(as  assembled  for  Cloud  Test). 

made  at  a  temperature  at  least  25°  F.  above  the  approximate  cloud 
point. 

The  clear  oil  shall  be  poured  into  the  test  jar,  a,  to  a  height  of  not 
less  than  1  nor  more  than  \\  in.  The  test  jar  may  be  marked  to 
indicate  the  proper  level. 
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The  test  jar  shall  be  tightly  closed  by  the  cork,  c,  canying  the 
test  thennometer,  6,  in  a  vertical  position  in  the  center  of  the  jar  with 
the  thermometer  bulb  resting  on  the  bottom  of  the  jar. 

The  disk,  e,  shall  be  placed  in  the  bottom  of  the  jacket,  d,  and  the 
test  jar  with  the  ring  gasket,/,  1  in.  above  the  bottom  shall  be  inserted 
into  the  jacket.  The  disk,  jacket  and  inside  of  jacket  shall  be  clean 
and  dry. 

The  temperature  of  the  cooling  bath,  g,  shall  be  adjusted  so  that 
it  is  below  the  cloud  point  of  the  oil  by  not  less  than  15  nor  more  than 
30°  F.  and  this  temperature  shall  be  maintained  throughout  the  test. 
The  jacket,  containing  the  test  jar,  shall  be  supported  firmly  in  a 
vertical  position  in  the  cooling  bath  so  that  not  more  than  1  in.  of  the 
jacket  projects  out  of  the  cooling  medium. 

At  each  test  thermometer  reading  which  is  a  multiple  of  2°  F., 
the  test  jar  shall  be  removed  from  the  jacket,  quickly  but  without 
disturbing  the  oil,  inspected  for  cloud,  and  replaced  in  the  jacket. 
This  complete  operation  shall  require  not  more  than  three  seconds. 
When  such  inspection  first  reveals  a  distinct  cloudiness  or  haze 
in  the  oil  at  the  bottom  of  the  test  jar,  the  reading  of  the  test  ther- 
mometer, corrected  for  error  if  necessary,  shall  be  recorded  as  the 
cloud  point. 
Procedure  11.  The  oil  to  be  tested  shall  be  brought  to  a  temperature  of  90® 

Point!"  ^"*  ^^  ^^  ^  temperature  15®  F.  higher  than  its  pour  point  if  this  pour 
point  is  above  75®  F.  The  oil  shall  then  be  poured  into  the  test  jar, 
a,  to  a  height  of  not  less  than  2  nor  more  than  2i  in.^  The  jar  may  be 
marked  to  indicate  the  proper  level. 

The  test  jar  shall  be  tightly  closed  by  the  cork,  c,  carrying  the 
test  thermometer,  ft,  in  a  vertical  position  in  the  center  of  the  jar  with 
the  thermometer  bulb  immersed  so  that  the  beginning  of  the  capillary 
shall  be  i  in.  below  the  surface  of  the  oil. 

•  The  disk,  e,  shall  be  placed  in  the  bottom  of  the  jacket,  d,  and  the 
test  jar,  with  the  ring  gasket,  /,  1  in.  above  the  bottom,  shall  be  in- 
serted into  the  jacket.  The  disk,  gasket  and  inside  of  jacket  shall  be 
clean  and  dry. 

After  the  oil  has  cooled  enough  to  allow  the  formation  of  paraffin 
wax  crystals,  great  care  shall  be  taken  not  to  disturb  the  mass  of  the 
oil  nor  to  permit  the  thermometer  to  shift  in  the  oil.  Any  disturbance 
of  the  spongy  network  of  wax  crystals  will  lead  to  low  and  fictitious 
results. 

The  temp>erature  of  the  cooling  bath,  g,  shall  be  adjusted  so  that 
it  is  below  the  pour  point  of  the  oil  by  not  less  than  15  nor  more  than 

^  Test  jar  and  contenta  ttuXX  be  immediately  placed  in  the  previooaly  aisembled  apperatva. 


Digitized  by 


Google 


Serial  Designation:  D  97-22  T.  785 

30^  F.  and  this  temperature  shall  be  maintained  throughout  the  test. 
The  jacket,  containing  the  test  jar,  shall  be  supported  firmly  in  a 
vertical  position  in  the  cooling  bath  so  that  not  more  than  1  in.  of  the 
jacket  projects  out  of  the  cooling  mediimi. 

At  each  test  thermometer  reading  which  is  a  multiple  of  5°  F., 
the  test  jar  shall  be  removed  from  the  jacket  carefully  and  shall  be 
tilted  just  suflSdently  to  ascertain  whetiier  the  oil  around  the  ther- 
mometer remains  liquid.  As  long  as  the  oil  around  the  thermometer 
flows  when  the  jar  is  tilted  slightly,  the  test  jar  shall  be  replaced  in  the 
jacket.  The  complete  operation  of  removal  and  replacement  shall 
require  not  more  than  three  seconds.  As  soon  as  the  oil  around  the 
thermometer  does  not  flow  when  the  jar  is  tilted  slightly,  the  test 
jar  shall  be  held  in  a  horizontal  position  for  exactly  five  seconds  and 
observed  carefully.  If  the  oil  around  the  thermometer  shows  any 
movement  imder  these  conditions,  the  test  jar  shall  be  immediately 
replaced  in  the  jacket  and  the  same  procedure  shall  be  repeated  at 
the  next  temperature  reading  5®  F.  lower.  In  determining  the  pour 
point  of  oils  it  shall  be  noted  that  the  first  movement  of  the  oil  in 
certain  cases  is  not  around  the  thermometer  but  from  the  sides  of  the 
test  jar.  In  such  cases,  this  movement  shall  be  considered  in  making 
the  test.  As  soon  as  a  temperature  is  reached  at  which  the  oil  around 
the  thermometer  shows  no  movement  when  the  test  jar  is  held  in  a 
horizontal  position  for  exactly  five  seconds,  the  test  shall  be  stopped. 

The  lowest  reading  of  the  test  thermometer,  corrected  for  error 
if  necessary,  at  which  the  oil  around  the  thermometer  shows  any 
movement  when  the  test  jar  is  held  in  a  horizontal  position  for  exactly 
five  seconds  shall  be  recorded  as  the  pour  point.  It  shall  be  noted  that 
the  pour  point  is  the  temperature  5°  F.  above  the  solid  point  or  tem- 
perature at  which  the  test  is  discontinued. 
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TENTATIVE  SPECIFICATIONS 

FOR 

BLOCK  FOR  RECUT  GRANITE  BLOCK  PAVEMENTS.^ 

Serial  Designation:  D  131-22  T. 

This  is  a  Tentative  Standard  only,  published  for  the  purpose  of  eliciting  criti- 
cism and  suggestions.  It  is  not  a  Standard  of  the  Society  and  until  its  adoption  as 
Standard  it  is  subject  to  revision. 

Issued,  1922. 

General.  1.  The  blocks  shall  be  of  granite  of  medium-size  grain,  showing 

an  even  distribution  of  constituent  minerals.  They  shall  be  of  imiform 
quality  and  texture  throughout,  and  free  from  seams  or  disintegrated 
materials. 

I.    PHYSICAL  PROPERTIES  AND  TESTS. 

Physical  2.  The  average  of  three  tests  on  sample  blocks  shall  conform  to 

Propertiet.     ^j^^  following  requirements  as  to  physical  properties: 

Percentage  of  wear not  more  than  5 

(French  coefficient  of  wear not  less  than  8) 

Toughness not  less  than   7 

Methods  of  3.  (a)  The  percentage  of  wear  and  the  French  coefficient  of  wear 

Testing.        gj^^^jj  ^^  determined  in  accordance  with  the  Standard  Method  of  Test 

for  Abrasion  of  Road  Material  (Serial  Designation:    D  2)  of  the 

American  Society  for  Testing  Materials.* 

(6)  The  toughness  *shall  be  determined  in  accordance  with  the 

Standard  Method  of  Test  for  Toughness  of  Rock  (Serial  Designation: 

D  3)  of  the  American  Society  for  Testing  Materials.* 

II.    DIMENSIONS. 

Dimensions.         4.  The  blocks  shall  conform  to  the  following  requirements  as  to 
dimensions: 

Length  on  top,  in 6  to  12 

Width  on  top,  in 3J  to  4J 

Depth,  in 41  to  5J 

1  Criticisms  of  these  Tentative  Specificationa  are  tolicited  and  should  be  directed,  preferably  before 
January  1, 1923,  to  Mr.  Pr6vost  Hubbard.  Secretary  of  Committee  D-4  on  Road  and  Paving  Materials. 
25  W.  Forty-third  St.,  New  York  City. 

•  1921  Book  of  A«S.T.M.  Standards. 
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III.    DRESSING. 

5.  (a)  The  blocks  shall  be  so  dressed  that  the  faces  will  be  approx-  Dressing, 
imately  rectangular  m  shape,  and  the  ends  and  sides  suflBdently 
smooth  to  permit  the  blocks  to  be  laid  with  joints  not  exceeding  |  in. 

in  width  at  the  top,  and  for  1  in.  downward  therefrom,  and  not  exceed- 
ing 1  in.  in  width  at  any  other  part  of  the  joint. 

(b)  The  wearing  surface  of  the  blocks  shall  show  no  depressions 
more  than  f  in.  in  depth,  and  the  edges  and  corners  shall  be  imchipped 
and  unbroken. 

IV.    INSPECTION. 

6.  (a)  At  least  eight  blocks  shall  be  selected  for  physical  tests  inspection, 
by  the  engineer  or  his  authorized  representative,  subsequent  to  delivery 

at  the  place  of  use,  so  as  to  fairly  represent  actual  deliveries.  No 
sample  shall  include  blocks  that  would  be  rejected  by  a  visual  exami- 
nation. The  bedding  plane  shall  be  marked  on  at  least  two  of  the 
blocks  selected. 

(6)  All  deliveries  shall  be  subjected  to  further  inspection  at  the 
place  of  use,  prior  to  and  during  laying.  All  blocks  which  fail  to 
conform  to  the  requirements  of  Sections  1,  4  and  5  shall  be  rejected. 
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TENTATIVE  SPECIFICATIONS 

FOR 

BLOCK  FOR  DURAX  GRANITE  PAVEMENTS.' 

Serial  Designation:  D  132-22  T. 

This  is  a  Tentative  Standard  only,  published  for  the  purpose  of  eliciting  criti- 
cism and  suggestions.  It  is  not  a  Standard  of  the  Society  and  until  its  adoption  as 
Standard  it  is  subject  to  revision. 

Issued,  1922. 

General.  1.  The  blocks  shall  be  of  granite  of  medium-size  grain,  showing 

an  even  distribution  of  constituent  mmerals.  They  shaU  be  of  uniform 
quality  and  texture  throughout,  and  free  from  seams  or  disintegrated 
materials. 

I.    PHYSICAL  PROPERTIES  AND  TESTS. 

2.  The  average  of  three  tests  on  sample  blocks  shall  conform  to 
the  following  requirements  as  to  physical  properties: 

Percentage  of  wear not  more  than  5 

(French  coefficient  of  wear not  less  than  8) 

Toughness not  less  than  7 

3.  (a)  The  percentage  of  wear  and  the  French  coefficient  of  wear 
shall  be  determined  in  accordance  with  the  Standard  Method  of  Test 
for  Abrasion  of  Road  Material  (Serial  Designation:  D  2)  of  the 
American  Sodety  for  Testing  Materials.* 

(b)  The  toughness  shall  be  determined  in  accordance  with  the 
Standard  Method  of  Test  for  Toughness  of  Rock  (Serial  Designation: 
D  3)  of  the  American  Society  for  Testing  Materials.* 

II.    DIMENSIONS. 

4.  The  blocks  shall  be  not  less  than  3  in.  nor  more  than  4  in. 
in  length,  width  or  depth. 

III.    DRESSING. 
Dreniaf.  5.  (a)  The  blocks  shall  be  so  dressed  that  the  faces  will  be 

approximately  rectangular  in  shape,  and  the  ends  and  sides  suffidently 

1  Critidsms  of  these  Tentative  Specifications  are  solicited  and  should  be  directed,  pretershly 
lietorc  January  1.  1923.  to  Mr.  Pr6vost  Hubbard.  Secretary  of  Committee  D-4  on  Road  and  Paving 
Matenais.  25  W.  Forty-third  St.,  New  York  Qty. 

3 1921  Book  of  A.S.T.M.  Standards. 
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smooth  to  permit  the  blocks  to  be  laid  with  joints  not  exceeding  ^  in. 
in  width  at  the  top,  and  for  1  in.  downward  therefrom,  and  not  exceed- 
ing 1  in.  in  width  at  any  other  part  of  the  joint. 

{b)  The  wearing  surface  of  the  blocks  shall  show  no  depressions 
more  than  f  in.  in  depth,  and  the  edges  and  comers  shaU  be  unchipped 
and  imbroken. 

IV.    INSPECTION. 

6.  (a)  At  least  25  blocks  shall  be  selected  for  physical  tests  by 
the  engineer  or  his  authorized  representative,  subsequent  to  delivery 
at  the  place  of  use,  so  as  to  fairly  represent  actual  deliveries.  No 
sample  shall  include  blocks  that  would  be  rejected  by  a  visual  exam- 
ination. The  bedding  plane  shall  be  marked  on  at  least  two  of  the 
blocks  selected. 

(6)  All  deliveries  shall  be  subjected  to  further  inspection  at  the 
place  of  use,  prior  to  and  during  laying.  All  blocks  which  fail  to 
conform  to  the  requirements  of  Sections  1,  4  and  5  shall  be  rejected. 
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TENTATIVE  SPECIFICATIONS 

FOR 

CALCIUM  CHLORIDE  FOR  DUST  PREVENTION.* 

Serial  Designation :  D  98  -  22  T. 

This  is  a  Tentative  Standard  only,  published  for  the  purpose  of  eliciting  criti- 
cism and  suggestions.  It  is  not  a  Standard  of  the  Society  and  until  its  adoption  as 
Standard  it  is  subject  to  revision. 

Issued,  1921;  Revised,  1922. 

Material  1.  These  specifications  cover  calcium  chloride   to  be  applied 

Covertd.        ^Q  ^^  surface  of  highways  as  a  dust  preventive. 

I.    PROPERTIES  AND  TESTS. 

Physical  2.  The  calcium  chloride  shall  be  in  the  form  of  loose  dry  lumps 

Properties.  ^^  flakes,  and  fine  enough  to  feed  readily  through  the  common  forms  of 
spreaders  used  in  road  work,  and  when  tested  by  means  of  laboratory 
screens  and  sieves  shall  meet  the  following  requirements: 

Passing  f-in.  screen. 100  per  cent 

Retained  on  }-in,  screen not  more  than  20       " 

;  20-mesh  sieve not  more  than  10       " 


Chemical  3.  Ten  grams  of  the  material  dissolved  in  100  cc.  of  boiling  water 

Compoiition.  shall  show  less  than  1.0  per  cent  insoluble  residue.     Not  more  than 

1.0  cc.  of  normal  acid  shall  be  required  to  neutralize  the  alkalinity  of 

the  filtrate,  using  methyl  orange.    The  chemical  composition;  diall 

conform  to  the  following  requirements: 

CaCU  (anhydrous) not  less  than  73.    per  cent 

MgCLi not  more  than    0.5       " 

NaCl not  more  than    2.0       " 

Other  impurities not  more  than    1.0       ** 

The  percentage  of  calcium  chloride  shall  be  calculated  from  the 
percentage  of  calcium  in  the  filtrate  above  referred  to,  after  making  a 
deduction  for  the  SO4,  which  shall  be  assumed  to  be  in  combination 
as  CaSOi. 

•  Critidtini  of  thete  Tentative  Specifications  are  eoUcited  end  should  be  directed,  pcderebly 
before  Juiueiy  1. 1923.  to  Mr.  PrAvoit  Hubberd,  Secretary  of  Committee  0-4  on  Road  and  Paviiif 
Material!.  25  W.  Forty-third  St..  New  York  City. 
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Serial  Designation:  D  98-22  T/  791 

II.    PACKAGES. 

4.  The  calcium  chloride  shall  be  delivered  in  air-tight  moisture-  Packigei. 
proof  bags  or  sacks  containing  approximately  100  lb.  each,  or  in  air- 
tight steel  drums  weighing  not  more  than  350  lb.  each.    The  name  of 

the  manufacturer,  the  lot  number,  the  approximate  net  weight,  and 
the  percentages  of  calcium  chloride  guaranteed  by  the  manufacturer 
shall  be  plainly  marked  on  each  container. 

III.    INSPECTION. 

5.  Every  facility  shall  be  provided  the  purchaser  should  he  elect  inipection. 
to  have  his  own  representative  sample  the  material  at  the  plant.    If 

the  purchaser  decides  to  sample  the  material  after  delivery  in  the  field 
it  is  understood  that  a  3-per-cent  variation  in  content  of  CaClj  from 
the  chemical  composition  stated  in  Section  3  shall  be  permissible. 

6.  Calcium  chloride  shall  be  rejected  if  it  fails  to  pass  any  of  Rejection, 
the  requirements  of  these  specifications  and  if  it  has  become  caked  or 
sticky  in  the  containers  before  opening. 

IV.     BASIS  OP  PAYMENT. 

7.  Pa}mient  will  be  made  on  the  basis  of  total  number  of  pounds  Bade  of 
of  100-per-cent  calcium  chloride  delivered.  Pajment. 
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TENTATIVE  SPECIFICATIONS 

FOR 

ASPHALT  CEMENT,  10  TO   15  PENETRATION,  FOR 
THE  MANUFACTURE  OF  ASPHALT  BLOCK.^ 

Serial  Designation:  D  133-22  T. 

This  is  a  Tentative  Standard  only,  published  for  the  purpose  of  eliciting  criti- 
cism and  suggestions.  It  is  not  a  Standard  of  the  Society  and  until  its  adoption  as 
Standard  it  is  subject  to  revision. 

Issued,  1922. 

1.  The  asphalt  cement  shall  be  homogeneous  and  free  from  water. 
It  shall  conform  to  the  following  requirements: 

(a)  Penetration  at  25°  C.  (77^  F.),  100  g.,  5  sec 10  to  15 

(b)  Flash  Point  (open  cup) not  less  than  200°  C.  (392°  F.) 

(c)  Loss  on  heating  at  163°  C.  (325°  F.),  50  g.,  5  hr 

not  more  than  1  per  cent 

((/)  Penetration  at  25°  C.  (77°  F.),  100  g.,  5  sec,  of  residue  after 
heating  at  163°  C.  (325°  F.)  as  compared  with  penetration  of  asphalt 

cement  before  heating not  less  than  50  per  cent 

(e)  Ductility  at  25°  C.  (77°  F.) 5  cm.  to  15  cm. 

(J)  Proportion  of  bitumen  soluble  in  carbon  tetrachloride 

not  less  than  99  per  cent 

2.  The  properties  enumerated  in  these  specifications  shall  be 
determined  in  accordance  with  the  following  methods  of  test  of  the 
American  Society  for  Testing  Materials,  except  as  speci^ed  in  Para- 
graph (c): 

(a)  Penetration:  Standard  Method  of  Test  for  Penetration  of 
Bituminous  Materials  (Serial  Designation:  D  5).' 

(h)  Flash  Point:  Tentative  Method  of  Test  for  Flash  and  Fire 
Points  by  means  of  Open  Cup  (Serial  Designation:  D  92  -  21  T).* 

{c)  Loss  Oft  Heating:  Standard  Method  of  Test  for  Loss  on 
Heating  of  Oil  and  Asphaltic  Compounds  (Serial  Designation:  D  6).* 

(d)  Ductility:  Tentative  Method  of  Test  for  Ductility  of 
Bituminous  Materials  (Serial  Designation:  D  113  -22  T).* 

{e)  Proportion  of  Bitumen  Soluble  in  Carbon  Tetrachloride: 
Method  Contained  in  Bulletin  No.  314^  U.  S.  Department  of  Agri- 
culture. 

iCritictsms  of  these  Tentative  Specifications  are  solicited  and  should  be  directed,  preferably 
before  January  1.  192.1.  to  Mr.  Prtvost  Hubbard.  Secretary  of  Committee  D-4  on  Road  aod  Paving 
Materials.  25  W.  Forty-third  St..  New  York  City. 

*  1921  Book  of  A.S.T.M.  Standards. 

•Proceedings,  Am.  Soc.  Test.  Mats..  Vol.  21.  p.  651  (1921). 

« See  p.  807. 
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TENTATIVE  SPECIFICATIONS 

FOR 

ASPHALT  CEMENT,  15  TO  25  PENETRATION,  FOR 
THE  MANUFACTURE  OF  ASPHALT  BLOCK.^ 

Serial  Designation:  D  134-22  T. 

This  is  a  Tentative  Standard  only,  published  for  the  purpose  of  eliciting  criti- 
cism and  suggestions.  It  is  not  a  Standard  of  the  Society  and  until  its  adoption  as 
Standard  it  is  subject  to  revision. 

Issued,  1922. 

1.  The  asphalt  cement  shall  be  homogeneous  and  free  from  water.  Properties. 
It  shall  conform  to  the  following  requirements: 

(a)  Penetration  at  25''  C.  (77''  F.),  100  g.,  5  sec 15  to  25 

ib)  Flash  Point  (Open  Cup) not  less  than  200°  C.  (392°  F.) 

(c)  Loss  on  Heating  at  163°  C.  (325°  F.),  50  g.,  5  hr 

not  more  than  1  per  cent 

(d)  Penetration  at  25°  C.  (77°  F.),  100  g.,  5  sec,  of  residue  after 
heating  at  163°  C.  (325°  F.)  as  compared  with  penetration  of  asphalt 
cement  before  heating not  less  than  50  per  cent 

(e)  Ductility  at  25°  C.  (77°  F.) 5  cm.  to  20  cm. 

(/)  Proportion    of    bitumen    soluble    in    carbon    tetrachloride 

• not  less  than  99  per  cent 

2.  The  properties  enumerated  in  these  specifications  shall  be  Methods  of 
determined  in  accordance  with  the  following  methods  of  test  of  the  Totting. 
American  Society  for  Testing  Materials,  except  as  specified  in  Para- 
graph (e) : 

(a)  Penetration:  Standard  Method  of  Test  for  Penetration  of 
Bituminous  Materials  (Serial  Designation:   D  5).* 

(b)  Flash  Paint:  Tentative  Method  of  Test  for  Flash  and  Fire 
Points  by  Means  of  Open-Cup  (Serial  Designation:   D  92-21  T).* 

(c)  Loss  on  Heating:  Standard  Method  of  Test  for  Loss  on 
Heating  of  Oil  and  Asphaltic  Compounds  (Serial  Designation:  D  6).* 

(d)  Ductility:  Tentative  Method  of  Test  for  Ductility  of 
Bituminous  Materials  (Serial  Designation:  D  113-22  T).* 

{e)  Bitumen  Soluble  in  Carbon  Tetrachloride:  Method  con- 
tained in  Bulletin  No.  314,  U.  S.  Department  of  Agriculture. 

1  Criticisms  of  these  Tentative  Specifications  are  solicited  and  should  be  directed,  preferably 
before  January  1.  1923,  to  Mr.  Provost  Hubbard,  Secretary  of  Committee  D-4  on  Road  and  Paving 
Materials.  25  W.  Porty-third  St.,  New  York  City. 

«  1921  Book  of  A.S.T.M.  Standards. 

'Proceedings,  Am.  Soc.  Test.  Mats.,  Vol.  21,  p.  651  (1921). 

<See  p.  807. 
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TENTATIVE  SPECIFICATIONS 

FOR 

ASPHALT  CEMENT,  40  TO  50  PENETRATION,  FOR  USE 

IN  SHEET  ASPHALT  AND  ASPHALTIC  CONCRETE 

PAVEMENTS.^ 

Serial  Designatioii:  D  99-22  T. 

This  is  a  Tentative  Standard  only,  published  for  the  purpose  of  eliciting  criti- 
cism and  suggestions.  It  is  not  a  Standard  of  the  Society  and  until  its  adoption  as 
Standard  it  is  subject  to  revision. 

Issued,  1921;  Revised,  1922. 

PropeiiiM.  1.  The  asphalt  cement  shall  be  homogeneous  and  free  from  water. 

It  shall  conform  to  the  following  requirements: 

(a)  Penetration  at  25''  C.  (77*^  F.),  100  g.,  5  sec 40  to  50 

lb)  Flash  point  (open  cup) not  less  than  175''  C.  (347°  F.) 

Ic)  Loss  on  heating  at  163°  C.  (325°  F.),  50  g.,  5  hr 

not  more  than  2  per  cent 

(d)  Penetration  at  25°  C.  (77°  F.),  100  g.,  5  sec,  of  residue 
after  heating  at  163°  C.  (325°  F.)  as  compared  with  penetration 
of  asphalt  cement  before  heating not  less  than  60  per  cent. 

(e)  Ductility  at  25°  C.  (77°  F.) not  less  than  30  cm. 

(/)  Proportion  of  bitumen  soluble  in  carbon  tetrachloride 

not  less  than  99  per  cent. 
Method!  of  2.  The  properties   enumerated   in  these  specifications  shall  be 

retting.  determined  in  accordance  with  the  following  methods  of  test  of  the 
American  Society  for  Testing  Materials,  except  as  specified  in  Para- 
graph (e): 

(a)  Penetration:  Standard  Method  of  Test  for  Penetration  of 
Bituminous  Materials  (Serial  Designation:  D  5);* 

(b)  Flash  Paint:  Tentative  Method  of  Test  for  Flash  and  Fire 
Points  by  Means  of  Open-Cup  (Serial  Designation:  D  92  -  21  T);' 

(c)  Loss  on  Heating:  Standard  Method  of  Test  for  Loss  on  Heating 
of  Oil  and  Asphaltic  Compounds  (Serial  Designation :  D  6)  ;* 

{(1)  Ductility:  Tentative  Method  of  Test  for  Ductility  of  Bitumi- 
nous Materials  (Serial  Designation:  D  113-22  T);* 

{e)  Proportion  of  Bitumen  Soluble  inCarbonTetrachloride:  Method 
contained  in  Bulletin  No,  314,  U.  S.  Department  of  Agriculture. 

s  Critlcitmt  of  these  Tentative  Speelficatione  are  solicited  and  should  be  directed,  preferably  before 
January  1. 1923,  to  Mr.  Provost  Hubbard.  Secretary  of  Committee  D-4  on  Road  and  Paring  Materials, 
25  W.  Porty-thlrd  St.,  New  York  City. 

•  1921  Book  of  A.8.T.M.  SUndards.     •Proceedings,  Am.  Soc.  Test.  Mate.,  Vol.  21.  p.  651  (1921). 

«8eep.  807. 
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TENTATIVE  SPECIFICATIONS 

FOR 

ASPHALT  CEMENT,   50  TO  60  PENETRATION,   FOR  USE 

IN  SHEET  ASPHALT  AND  ASPHALTIC  CONCRETE 

PAVEMENTS.^ 

Serial  Designation:   D  100-22  T. 

This  is  a  Tentative  Standard  only,  published  for  the  purpose  of  eliciting  criti- 
cism and  suggestions.  It  is  not  a  Standard  of  the  Society  and  until  its  adoption  as 
Standard  it  is  subject  to  revision. 

Issued,  1921;  Revised,  1922. 

1.  The  asphalt  cement  shall  be  homogeneous  and  free  from  water.  Properties. 
It  shall  conform  to  the  following  requirements: 

(a)  Penetration  at  25°  C.  (77*"  F.),  100  g.,  5  sec 50  to  60 

(b)  Flash  point  (open  cup) not  less  than  175*"  C.  (347°  F.) 

(c)  Loss  on  heating  at  163°  C.  (325°  F.),  50  g.,  5  hr 

not  more  than  2  per  cent 

(d)  Penetrationat  25°  C.  (77°  F.),  100  g.,  5  sec,  of  residue  after 
heating  at  163°  C.  (325°  F,)  as  compared  with  penetration  of  asphalt 
cement  before  heating, not  less  than  60  per  cent 

(e)  Ductility  at  25°  C.  (77°  F.) not  less  than  30  cm. 

(/■)  Proportion  of  bitumen  soluble  in  carbon  tetrachloride 

not  less  than  99  per  cent 

2.  The  properties  enumerated  in  these  specifications  shall  be  Methods  of 
determined  in  accordance  with  the  following  methods  of  test  of  the  ''••*^"«- 
American  Society  for  Testing  Materials,  except  as  specified  in  Para- 
graph (e): 

(a)  Penetration:  Standard  Method  of  Test  for  Penetration  of 
Bituminous  Materials  (Serial  Designation:  D  5);* 

(ft)  Flask  Point:  Tentative  Method  of  Test  for  Flash  and  Fire 
Points  by  Means  of  Open-Cup  (Serial  Designation:  D  92  -  21  T);' 

(c)  Loss  on  Heating:  Standard  Method  of  Test  for  Loss  on 
Heating  of  Oil  and  Asphaltic  Compounds  (Serial  Designation:  D  6);' 

(d)  Ductility:  Tentative  Method  of  Test  for  Ductility  of  Bitumi- 
nous Materials  (Serial  Designation:  D  113  -  22  T);* 

{e)  Proportion  of  Bitumen  Soluble  in  Carbon  Tetrachloride:  Method 
contained  in  Bulletin  No.  314,  U.  S.  Department  of  Agriculture. 

>  CritlcimiB  of  these  Tentative  Specifications  are  solicited  and  should  be  directed,  preferably  before 
Janoary  1. 1923,  to  Mr.  Pr6vost  Hubbard.  Secretary  of  Committee  D^  on  Road  and  Paving  Matariale, 
25  W.  Forty-third  St..  New  York  City. 

•  1921  Book  of  A.S.T.M.  Standards.    •  Proceedings,  Am.  Soc.  Test.  Mats. ,  Vol.  2 1 ,  p.  65 1  ( 1 92 1 ) . 

•Seep.  807. 
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TENTATIVE  SPECIFICATIONS 

FOR 

ASPHALT  CEMENT,   60  TO   70  PENETRATION,   FOR   USE 

IN  SHEET  ASPHALT,  ASPHALTIC  CONCRETE,  AND 

ASPHALT  MACADAM  PAVEMENTS.^ 

Serial  Designation:   D  101-22  T. 

This  is  a  Tentative  Standard  only,  published  for  the  purpose  of  eliciting  criti- 
cism and  suggestions.  It  is  not  a  Standard  of  the  Society  and  until  its  adoption  as 
Standard  it  is  subject  to  revision. 

Issued,  1921;  Revised,  1922. 

1.  The  asphalt  cement  shall  be  homogeneous  and  free  from 
water.    It  shall  conform  to  the  following  requirements: 

(a)  Penetration  at  25°  C.  (77°  F.),  100  g.,  5  sec 60  to  70 

lb)  Flash  pomt  (open  cup) not  less  than  175°  C.  (347°  F.) 

(c)  Loss  on  heating  at  163°  C.  (325°  F.),  50  g.,  5  hr. . 

not  more  than  2  per  cent 

(d)  Penetration  at  25°  C.  (77°  F.),  100  g.,  5  sec,  of  residue  after 
heating  at  163°  C.  (325°  F.)  as  compared  with  penetration  of  asphalt 
cement  before  heating not  less  than  60  per  cent 

(e)  Ductility  at  25°  C.  (77°  F.) not  less  than  30  cm. 

(/;  Proportion  of  bitumen  soluble  in  carbon  tetrachloride 

not  less  than  99  per  cent 

2.  The  properties  enumerated  in  these  specifications  shall  be 
determined  in  accordance  with  the  following  methods  of  test  of  the 
American  Society  for  Testing  Materials,  except  as  specified  in  Para- 
graph (e): 

(a)  Penetration:  Standard  Method  of  Test  for  Penetration  of 
Bituminous  Materials  (Serial  Designation:   D  5);' 

(b)  Flash  Point:  Tentative  Method  of  Test  for  Flash  and  Fire 
Points  by  Means  of  Open-Cup  (Serial  Designation:  D  92  -21  T);' 

(c)  Loss  on  Heating:  Standard  Method  of  Test  for  Loss  on 
Heating  of  Oil  and  Asphaltic  Compoimds  (Serial  Designation:  D  6);* 

(d)  Ductility:  Tentative  Method  of  Test  for  Ductility  of  Bitu- 
minous Materials  (Serial  Designation:  D  1 13  -  22  T)  ;* 

(e)  ^  Proportion  of  Bitumen  Soluble  in  Carbon  Tetrachloride:  Method 
contained  in  Bulletin  No.  314,  U.  S.  Department  of  Agriculture. 

1  CritidBma  of  these  Tentative  Specifications  are  solicited  and  should  be  directed,  preferably  before 
January  1, 1923,  to  Mr.  Privost  Hubbard,  Secretary  of  Committee  D-4  on  Road  and  Paving  MateriaU, 
25  W.  Forty-thixd  St.,  New  York  City. 

*  1921  Book  of  A.S.T.M.  Standards.     *  Proceedings,  Am.  Soc.  Test.  Mats..  Vol.  21.  p.  651  (1921). 

•See  p.  807. 
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TENTATIVE  SPECIFICATIONS 

FOR 

ASPHALT  CEMENT,  120  TO   150  PENETRATION,  FOR  USE 
IN  ASPHALT  MACADAM  PAVEMENTS.^ 

Serial  Designation:  D  135-22  T. 

This  is  a  Tentative  Standard  only,  published  for  the  purpose  of  eliciting  criti- 
cism and  suggestions.  It  is  not  a  Standard  of  the  Society  and  until  its  adoption  as 
Standard  it  is  subject  to  revision. 

Issued,  1922. 

1.  The  asphalt  cement  shall  be  homogeneous  and  free  from  water.  Propertiet. 
It  shall  conform  to  the  following  requirements: 

(a)  Penetration  at  25°  C.  (T?""  F.),  100  g.,  5  sec 120  tol50 

lb)  Flash  point  (open  cup) not  less  than  US'"  C.  (347°  F.) 

(c)  Loss  on  heating  at  163°  C.  (325°  F.),  50  g.,  5  hr  . . 

not  more  than  2  per  cent 

(d)  Penetration  at  25°  C.  (77°  F.),  100  g.,  5  sec,  of  residue  after 
heating  at  163°  C.  (325°  F.)  as  compared  with  penetration  of  asphalt 
cement  before  heating not  less  than  60  per  cent 

(e)  Ductility  at  25°  C.  (77°  F.) not  less  than  30  cm. 

(/)  Proportion  of  bitumen  soluble  in  carbon  tetrachloride 

not  less  than  99  per  cent 

2.  The  properties    enumerated  in    these  specifications  shall  be  Methods  of 
detennined  in  accordance  with  the  following  methods  of  test  of  the  Testing. 
American  Society  for  Testing  Materials,,  except  as  specified  in  Para- 
graph (e): 

(a)  Penetration:  Standard  Method  of  Test  for  Penetration  of 
Bitmninous  Materials  (Serial  Designation:  D  5),^ 

(b)  Flash  Point:  Tentative  Method  of  Test  for  Flash  and  Fire 
Points  by  Means  of  Open  Cup  (Serial  Designation:  D  92-21  T).* 

(c)  Loss  on  Heating:  Standard  Method  of  Test  for  Loss  on 
Heating  of  Oil  and  Asphaltic  Compounds  (Serial  Designation:  D  6).* 

(i)  Ductility:  Tentative  Method  of  Test  for  Ductility  of 
Bituminous  Materials  (Serial  Designation:    D  113 -22  T.).* 

(e)  Proportion  of  Bitumen  Soluble  in  Carbon  Tetrachloride: 
Method  contained  in  Bulletin  No.  314,  U.  S.  Department  of 
Agriculture. 

I  Criticisms  of  these  Tentative  Specifications  are  solicited  and  should  be  directed,  preferably 
before  January  1,  1923,  to  Mr.  Provost  Hubbard,  Secretary  of  Committee  D-4  on  Road  and  Paving 
Materials,  25  W.  Forty-third  St.,  New  York  City. 

« 1921  Book  of  A.S.T.M.  Standards.    •  Proceedings.  Am.  Soc.  Test.  Mats.,  Vol.  21 ,  p.  651  (1921). 

«Smp.  807. 
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TENTATIVE  SPECIFICATIONS 

FOR 

COAL-TAR  PITCH  FOR  STONE  BLOCK  FILLER." 

Serial  Designation:  D  112-22  T. 

This  is  a  Tentative  Standard  only,  published  for  the  puipose  of  eliciting  criti- 
cism and  suggestions.  It  is  not  a  Standard  of  the  Society  and  until  its  adoption  as 
Standard  it  is  subject  to  revision. 

Issued,  1921;  Revised,  1922. 

ProperHei.  1.  The  coal-tar  pitch  shall  conform  to  the  following  requirements: 

(a)  Water 0.00  per  cent 

(b)  Specific  gravity  at  25725^  C.  (77777'*  F.) 1.23  tol.33 

(c)  Softening  point^  (Cube-in-Water  Method) 

46  to  57°  C.  (115  to  135°  F.) 

(d)  Distillation  test: 

Total  Distillate,  by  weight,  0  to  300**  C. 

(32  to  572°  F.) not  more  than  10.00  per  cent. 

Residue,  by  weight not  less  than  90.00        " 

(e)  Specific  gravity  at  25725°  C.  (77777°  F.)  of  total  distillate 
to  300°  C.  (572°  F.) not  less  than  1.03 

(/)  Softening  point  (Cube-in-Water  Method)  of  residue  from 

distillation  test not  more  than  75°  C.  (167°  F.) 

(g)  Ductility  at  50  to  100  penetration,  at  25°C.  (77°F.) . 

not  less  than  50  cm. 

Note. — The  penetration  of  the  pitch  shall  be  brought  within  the  range  of  50 
to  100  penetration  by  heating  in  an  open  vessel  with  frequent  stirrings  at  a  tempera- 
ture of  not  over  350*  P. 

(A)  Free  carbon 20.00  to  35.00  per  cent 


1  Criticisms  of  these  Tentative  Specifications  are  solicited  and  should  be  directed,  preferably  befon 
Januaxy  1, 1923,  to  Mr.  Provost  Hubbard.  Secretary  of  Committee  D-4  on  Road  and  Paving  Materisli, 
25  W.  Porty-third  St.,  New  York  City. 

*  The  Softening  Point  (Cub^in- Water  Method)  specified  should  have  a  range  of  not  over  10^  P. 
within  the  above  limita.  The  range,  within  the  limits  of  1 15  to  135*  F.  should  vary  with  the  use  of 
the  material,  for  example,  if  used  in  admixture  with  sand,  in  a  northern  locality  or  a  southen 
locality.  The  softening  point  range,  within  the  above  limits,  should  also  vary  aooordtng  to  the  cfaanctv 
of  the  paving. 

(800) 


Digitized  by 


Google        J 


Serial  Disignation:  D  112-22  T.  801 

2.  The  properties  enumerated  in  these  specifications  shall  be  Methods  of 
determined  in  accordance  with  the  following  methods  of  test  of  the    •***"*• 
American  Society  for  Testing  Materials: 

(a)  Percentage  of  Water:  Tentative  Method  of  Test  for  Water  in 
Bitmninous  Materials  (Serial  Designation:  D  114  -  21  T) ;' 

(6)  Specific  Gravity:  Tentative  Method  of  Test  for  Specific 
Gravity  of  Road  Oils,  Road  Tars,  Asphalt  Cements  and  Soft  Tar 
Pitches  (Serial  Designation:  D  70-20  T);« 

(c)  Distillation:  Standard  Method  of  Test  for  Distillation  of 
Bituminous  Materials  Suitable  for  Road  Treatment  (Serial  Desig- 
nation: D20);» 

(d)  Softening  Point:  Standard  Method  of  Test  (for  Softening 
Point  of  Tar  Products  (Cube-in-Water  Method)  Serial  Desig- 
nation: D  61);* 

(e)  Ductility:  Tentative  Method  of  Test  for  Ductility  of  Bitu- 
minous Materials  (Serial  Designation:  D  113  -  22  T);* 

(f)  Free  Carbon:  Standard  Method  of  Test  for  Soluble  Bitu- 
men (Serial  Designation:  D  4).' 

*  Proceedings,  Am.  Soc.  Test.  Matii..  Vol.  21.  p.  706  (1921). 

*  Proceedings,  Am.  Soc.  Test.  Mats.,  Vol.  XX.  Part  I,  p.  764  (1920). 

*  1921  Book  of  A.S.T.M.  Standard* 
« See  p.  807. 
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TENTATIVE  METHOD  OF  DECANTATION  TEST 

FOR 
SAND  AND  OTHER  FINE  AGGREGATES.* 

Serial  Designation:  D  136-22  T. 

This  is  a  Tentative  Standard  only,  published  for  the  purpose  of  elidting  criti- 
cism and  suggestions.  It  is  not  a  Standard  of  the  Society  and  until  its  adoption  as 
Standard  it  is  subject  to  revision. 

Issued,  1922. 

1.  This  method  of  test  covers  the  determination  of  the  total 
quantity  of  silt,  loam,  clay,  etc.,  in  sand  and  other  fine  aggregates.* 

2.  The  pan  or  vessel  to  be  used  in  the  determination  shall  be 
approximately  9  in.  (230  mm.)  in  diameter  and  not  less  than  4  in. 
(102  mm.)  in  depth. 

3.  The  sample  must  contain  suflScient  moisture  to  prevent  seg- 
regation and  shall  be  thoroughly  mixed.  A  representative  portion  of 
the  sample  sufficient  to  yield  approximately  500  g.  of  dried  material, 
shall  then  be  dried  to  a  constant  weight  at  a  temperature  not  exceeding 
110°  C.  (230°  F.). 

4.  The  dried  material  shall  be  placed  in  the  pan  and  sufficient 
water  added  to  cover  the  sample  (about  225  cc).  The  contents  of 
the  pan  shall  be  agitated  vigorously  for  15  seconds,  and  then  be  allowed 
to  settle  for  15  seconds,-  after  which  the  water  shall  be  poured  off, 
care  being  taken  not  to  pour  off  any  sand.  This  operation  shall  be 
repeated  until  the  wash  water  is  clear.  As  a  precaution,  the  wash 
water  shall  be  poured  through  a  200-mesh  sieve  and  any  material 
retained  thereon  returned  to  the  washed  sample.  The  washed  sand 
shall  be  dried  to  a  constant  weight  at  a  temperature  not  exceeding 
110°  C.  (230°  F.)  and  weighed. 

5.  The  results  shall  be  calculated  from  the  formula: 


Percentage  of  silt,  clay,  loam,  etc.  = 


Original  dry  weight— weight  after  washing 
Original  dry  weight. 


XlOO 


6.  When  check  determinations  are  desired,  the  wash  water  shall 
be  evaporated  to  drjnaess,  the  residue  weighed,  and  the  percentage 
calculated  from  the  formula: 

Weight  of  residue 


Percentage  of  silt,  loam,  clay,  etc.  ■■ 


Original  dry  weight 


XlOO 


1  Critidams  of  this  TenUtive  Method  are  solicited  and  should  be  directed,  preferably  before 
January  I.  1923,  to  Mr.  J.  C.  Pearson.  Secretary  of  Committee  C-9  on  Concrete  and  Concrete  A«r*- 
gates.  Bureau  of  Standards,  Washington.  D.  C. 

•  This  determination  of  the  percentage  of  silt.  clay,  loam,  etc..  will  include  all  water-aolnbls 
material  present,  the  percentage  of  which  may  be  determined  aeparatdy  if  desired. 
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TENTATIVE  METHOD  OF  MECHANICAL  ANALYSIS 

OP 
SUBGRADE  SOILS.^ 

Serial  Designation:  D  137-22  T. 

This  is  a  Tentative  Standard  only,  published  for  the  purpose  of  eliciting  criti- 
cism and  suggestions.  It  is  not  a  Standard  of  the  Society  and  until  its  adoption  as 
Standard  it  is  subject  to  revision. 

Issued,  1922. 

1.  This  method  covers  the  determination  of  the  amount  of  sand,  scope, 
silt,  day  and  suspension  day'  in  subgrade  soils. 

2.  The  sample  as  received  shall  be  dried  in  an  oven  at  a  temper-  Treatment  of 
ature  not  to  exceed  100°  C.  (212°  F.)  and  shall  then  be  broken  up  in  a  Sample, 
mortar  by  means  of  a  rubber-covered  pestle,  care  being  taken  not  to 

break  any  fragments  of  rock  or  sand.  The  sample  shall  then  be  passed 
through  a  J-in.  screen  and  the  material  passing  this  screen  further 
pulverized  by  rolling  out  in  a  thin  layer  on  a  rubber  pad,  using  a 
rubber-covered  roller. 

3.  The  apparatus  shall  consist  of  a  wide-mouthed  cylindrical  Apparatui. 
glass  jar  of  at  least  10  liters  capacity;  a  soil  centrifuge  with  a  four 

or  eight- tube  head  of  such  diameter  that  a  speed  of  1500  r.p.m.  will 
exert  a  centrifugal  force  approximately  500  times  the  force  of  gravity; 
four  centrifuge  tubes  of  100-cc.  capadty;  and  a  chemical  balance 
sensitive  to  0.001  g. 

4.  A  25-g.  sample  of  soil  passing  the  10-mesh  sieve  and  prepared  Procedure, 
as  spedfied  in  Section  2  shall  be  placed  in  a  beaker  with  approximately. 

500  cc.  of  distilled  water,  gradually  brought  to  the  boiling  point  and 
shall  then  be  aUowed  to  stand  for  about  24  hours.  Care  should  be 
taken  not  to  boil  for  more  than  two  or  three  minutes,  as  continued 
boiling  tends  to  cause  coagulation.  After  standing  for  approximately 
24  hours,  the  material  in  the  beaker  shall  be  thoroughly  brushed  and 
dispersed  with  a  stiff  brush  for  two  or  three  minutes  and  then  allowed 
to  stand  for  dght  minutes.     The  supernatant  liquid  shall  then  be 

*  Criticisms  of  this  Tentative  Method  are  solicited  and  should  be  directed,  pceferably 
before  January  1,  1923,  to  Mr.  Provost  Hubbard.  Secretary  of  Committee  D-4  on  Road  and  Paving 
Materials.  25  W.  Forty-third  St..  New  York  City. 

*  The  determination  of  the  percentage  of  suspensios  day  by  thia  method  will  indude  any  y 
eolnble  material  xxresent  which  may  be  determined  seperatdy  if  desirable. 
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804     Tentative  Method  of  Analysis  of  Subgrade  Soils. 

decanted  into  a  vessel  having  a  capacity  of  about  10  liters.  About 
500  cc.  of  ammoniated  water  (concentration  1  :  500)  shall  be  added  to 
the  material  remaining  in  the  beaker  and  the  brushing  repeated  as 
before.  After  standing  for  eight  minutes,  the  supernatant  liquid 
shall  be  decanted  into  the  large  vessel.  This  process  shall  be  repeated 
until  the  supernatant  liquid  becomes  clear  after  eight  minutes  sedi- 
mentation. The  sand  and  silt  will  have  become  separated  from  the 
clay  and  suspension  clay,  which  are  contained  in  the  large  vessel.  The 
material  in  the  beaker  shall  be  transferred  to  an  evaporating  dish, 
dried  in  an  oven  to  constant  weight  at  a  temperature  of  100®  C. 
(212°  F.),  cooled,  and  a  mechanical  analysis  made,  using  20,  50,  100 
and  200-mesh  sieves.  The  material  retained  on  each  sieve  shall  be 
recorded  as  a  percentage  of  the  original  25-g.  sample,  and  that  which 
passes  the  200-mesh  sieve  shall  be  recorded  as  the  percentage  of  silt 
in  the  original  sample. 

The  volume  of  the  liquid  in  the  large  vessel  shall  be  brought  up 
to  at  least  10  liters  by  the  addition  of  ammoniated  water,  and  the 
vessel  thoroughly  shaken  until  all  material  is  in  suspension.  Seventy 
cubic  centimeters  shall  then  be  siphoned  from  this  vessel  at  a  depth  of 
about  one-half  the  total  depth  of  the  liquid  into  each  of  four  centrifuge 
tubes.  The  tubes  shall  then  be  mounted  in  the  centrifuge  and  run  for 
30  minutes  at  a  speed  which,  for  the  diameter  of  the  head  used,  will 
exert  a  centrifugal  force  approximately  500  times  the  force  of  gravity. 
The  material  which  has  been  thrown  out  of  the  liquid  by  centrifuging 
shall  be  classified  as  clay  and  that  which  remains  in  suspension  as 
suspension  clay.  The  solution  containing  the  suspension  clay  shall  be 
decanted,  evaporated  to  dryness,  and  the  weight  of  the  suspension  clay 
determined.  The  clay  remaining  in  the  tube  shall  also  be  dried  and 
weighed. 

The  weight  of  suspension  clay  is  determined  from  the  liquid  in 
four  tubes,  or  280  cc. ;  consequently  this  weight  must  be  multiplied  by 
the  factor  obtained  by  dividing  the  total  volume  used  by  280  cc.  in 
order  to  obtain  the  total  amount  of  suspension  clay  in  the  original 
25-g.  sample.  The  weight  of  clay  is  determined  from  the  clay  in  one 
tube,  or  70  cc;  therefore  the  total  voliune  divided  by  70  cc.  gives  the 
factor  by  which  this  weight  should  be  multiplied  to  give  the  total  clay 
in  the  original  25-g.  sample.  The  total  weights  of  clay  and  suspension 
clay  thus  obtained  shall  be  converted  into  percentages  of  the  original 
25-g.  sample. 
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TENTATIVE  METHOD  OF  TESl^ 

FOR 

CONSISTENCY  OF  PORTLAND-CEMENT   CONCRETE  FOR 
PAVEMENTS  OR  FOR  PAVEMENT  BASE.^ 

Serial  Designation:  D  138-22  T. 

This  is  a  Tentative  Standard  only,  published  for  the  purpose  of  eliciting  criti- 
cism and  suggestions.  It  is  not  a  Standard  of  the  Society  and  until  its  adoption 
as  Standard  it  is  subject  to  revision. 

Issued,  1922. 

1.  This  test  covers  the  method  to  be  used  both  in  the  laboratory  Scope, 
and  in  the  field  for  determining  consistency  of  concrete^  to  be  used  for 
concrete  pavements  or  for  concrete  base  for  pavements. 

2.  The  test  specimen  shall  be  formed  in  a  mold  of  No.  16  gage  Apparatus, 
galvanized  metal  in  the  form  of  the  lateral  surface  of  the  frustrum  of 

a  cone  with  the  base  8  in.  in  diameter,  the  upper  surface  4  in.  in  diam- 
eter, and  the  altitude  12  in.  The  base  and  the  top  shall  be  open  and 
parallel  to  each  other  and  at  right  angles  to  the  axis  of  the  cone.  The 
mold  shall  be  provided  with  foot  pieces  and  handles  as  shown  in  Fig.  1. 

3.  When  the  test  is  made  at  the  mixer,  the  sample  shall  be  taken  sample, 
from  the  pile  of  concrete  immediately  after  the  entire  batch  has  been 
discharged.     When  testing  concrete  that  has  been  hauled  from  a 
central  mixing  plant,  the  sample  shall  be  taken  from  the  concrete 
immediately  after  it  has  been  dumped  on  the  subgrade. 

4.  The  mold  shall  be  placed  on  a  flat,  non-absorbent  surface,  such  Procedure, 
as  a  smooth  plank  or  a  slab  of  concrete,  and  the  operator  shall  hold  the 

form  firmly  in  place,  while  it  is  being  filled,  by  standing  on  the  foot 
pieces.  The  mold  shall  be  filled  to  about  one-fourth  of  its  height  with 
the  concrete  which  shall  then  be  puddled,  using  20  to  30  strokes  of  a 
i-in.  rod  pointed  at  the  lower  end.  The  filling  shall  be  completed  in 
successive  layers  similar  to  the  first  and  the  top  struck  off  so  that  the 
mold  is  exactly  filled.     The  mold  shall  then  be  removed  by  being 

1  Criticisms  of  this  Tentative  Method  are  solicited  and  should  be  directed,  preferably  before 
January  1, 1923,  to  Mr.  Provost  Hubbard.  Secretary  of  Conimittee  D-4  on  Road  and  Paving  Materials. 
25  W.  Forty-third  St..  New  York  City. 

>  This  test  is  not  considered  applicable  when  there  is  a  considerable  amount  of  coarse  aggregate 
over  2  in.  in  size  in  the  concrete.  The  committee  is  now  working  on  a  method  suitable  for  determining 
the  consistency  of  concrete  using  aggregate  over  2  in.  in  size. 
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Tentative  Method  of  Test  for  Consistency. 


raised  vertically,  and  at  exactly  three  minutes  after  being  filled.  The 
molded  concrete  shall  then  be  allowed  to  subside  imtil  quiescent  and 
the  height  of  the  specimen  measured. 


siai^p.  5.  The  consistency  shall  be  recorded  in  terms  of  inches  of  sub- 
sidence of  the  specimen  during  the  test,  which  shall  be  known  as  the 
slump. 

Slump  =12  —  inches  of  height  after  subsidence 
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TENTATIVE  METHOD  OF  TEST 

FOR 

DUCTILITY  OF  BITUMINOUS  MATERIALS.^ 

Serial  Designation:  D  113-22  T. 

This  is  a  Tentative  Standard  only,  published  for  the  purpose  of  eliciting  criti- 
cism and  suggestions.  It  is  not  a  Standard  of  the  Society  and  until  its  adoption  as 
Standard  it  is  subject  to  revision. 

Issued,  1921;  Revised,  1922. 

1.  The  ductility  of  an  asphalt  cement  or  semi-solid  bitumen  is  Deflsition. 
the  distance  to  which  it  will  elongate  before  breaking  when  two  ends 

of  a  briquette  of  the  material  are  pulled  apart  at  a  specified  rate  of 
speed  and  at  a  specified  temperature.  When  the  conditions  of  the 
test  are  not  specifically  mentioned,  the  rate  and  the  temperature  are 
understood  to  be  5  cm.  per  minute  at  25°  C.  (77°  F.). 

APPARATUS. 

2.  The  mold  shall  be  as  shown  in  Fig.  1.     It  shall  be  made  of  Moid, 
brass,  the  ends,  b  and  b',  being  known  as  clips,  and  the  parts,  a  and 

a',  as  sides  of  the  mold.  The  dimensions  of  the  mold  shall  be  as 
follows: 

Total  length  (internal) 7.45  -  7.55  cm. 

Distance  between  dips 2 .  97  -  3 .  06    " 

Width  of  dips  at  mouth 1.98-2.02    " 

Width  of  briquette  at  minimum  cross-section  (half 

way  between  clips) 0.99-1.01    " 

Thickness  of  briquette  throughout 0. 99  -  1 . 01    " 

3.  The  water  bath  shall  be  maintained  at  a  temperature  not  water  Bath. 
var3dng  more  than  0.1°  C.  from  25°  C.  (77°  F.).    The  volume  of  water 

shall  be  not  less  than  10  liters  and  the  sample  shall  be  immersed  to  a 
d/epth  of  not  less  than  10  cm.  and  shall  be  supported  on  a  perforated 
shelf  not  less  than  5  cm.  from  the  bottom  of  the  bath. 

4.  Any  apparatus  may  be  used  for  pulling  the  briquette  of  bitu-  Testing 
men  apart  that  is   so  constructed  that  the  briquette  will  be  con-  Machine, 
tinuously  immersed  in  water  and  the  two  clips  pulled  apart  at  a 
uniform  rate  of  speed  of  5  cm.  per  minute. 

>Critidsms  of  this  Tentative  Method  are  solicited  and  should  be  directed  preferably 
before  January  1,  1923,  to  Mr.  Pr6vost  Hubbard.  Secretary  of  Committee  D-4  on  Road  and  Paving 
Materials.  25  W.  Forty-thlrd  St..  New  York  City. 
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Melting  and 
Molding. 


PROCEDURE. 
5.  The  asphalt  cement  or  bituminous  material  to  be  tested  shaU 
be  completely  melted  at  such  a  temperature  that  it  will  be  thoroughly 
fluid — with  ordinary  paving  asphalt  cement  this  is  about  160®  C. 
(320°  F.).  It  shall  then  be  strained  through  a  50-mesh  sieve  and,  after 
a  thorough  stirring,  poured  into  the  mold.  The  mold  shall  be  assem- 
bled on  a  brass  plate  and  so  as  to  prevent  the  material  imder  test  from 
sticking,  the  surface  of  the  plate  and  the  interior  surfaces  of  the  side 
pieces  aa!  of  the  mold  shall  be  thoroughly  amalgamated.  In  filling 
the  mold  care  shall  be  taken  not  to  disarrange  the  parts  and  thus 
distort  the  briquette.  In  filling,  the  material  shall  be  poured  in  a 
thin  stream  back  and  forth  from  end  to  end  of  the  mold  until  it  is 
more  than  level  full.  It  shall  be  left  to  cool  to  room  temperature  and 
then  placed  in  water  maintained  at  25°  C.  (77°  F.)  for  30  minutes, 
after  which  the  excess  of  bitumen  shall  be  cut  off  by  means  of  a  hot 
putty  knife  or  spatula  so  that  the  mold  shall  be  just  level  full. 

f 


—a 


Keeping  at 

Standard 

Temperature. 


Testing. 


Fig.  1 . — Ductility  Mold. 

6.  The  brass  plate  and  mold,  with  briquette,  shall  then  be  placed 
in  the  water  bath  atid  kept  at  a  temperature  of  25°  C.  (77°  F.)  for 
at  least  1  \  hours,  when  the  briquette  shall  be  removed  from  the  plate 
and  the  side  pieces  detached. 

7.  The  rings  at  each  end  of  the  clip  shall  then  be  attached  to  the 
pins  or  hooks  in  the  ductility  machine  and  the  two  clips  pulled  apart 
at  a  uniform  rate  of  5  cm.  per  minute  (=*=5  per  cent).  While  the  test 
is  being  made,  the  water  in  the  tank  of  the  ductility  machine  shall 
cover  the  sample  by  at  least  2.5  cm.  and  shall  be  kept  continuously  at 
a  temperature  within  0.5°  C.  of  25°  C.  (77°  F.).  When  the  specimen 
of  bituminous  material  breaks,  the  distance  from  the  original  position 
of  the  clip  before  pulling  to  its  present  position  shall  be  measured, 
and  shall  be  known  as  the  ductility.  The  average  of  three  tests 
shall  be  taken,  excepting  that  any  abnormal  result  shall  be  rejected- 


Digitized  by 


Google 


TENTATIVE    METHOD    OF    FLOAT   TEST 

FOR 

BITUMINOUS  ROAD   MATERIALS.* 

Serial  Designation:  D  139-22  T. 

This  is  a  Tentatiye  Standard  only,  published  for  the  purpose  of  eliciting  criti- 
jism  and  suggestions.  It  is  not  a  Standard  of  the  Society  and  until  its  adoption 
as  Standard  it  is  subject  to  revision. 

Issued,  1922. 

I.    APPARATUS. 
1.  The  float  (Fig.  1)  shall  be  made  of  aluminum  or  aluminum  ii©at. 
alloy  and  shall  be  in  accordance  with  the  following  requirements: 

Minimum.    Normal.     Maximum. 

Weight  of  float,  g 37. 80 

Total  height  of  float,  mm 34. 0 

Height  of  rim  above  lower  side  of  shoulder,  mm 26. 5 

Thickness  of  shoulder,  mm 1.2 

Diameter  of  opening,  mm 10. 7 

Height  of  rim  above  water  with  load  of  5.5  g.,  mm 7.0 
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9.68 

9. 
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2.  The  collar  (Fig.  l)  shall  be  made  of  brass  and  shall  be  in  Collar. 
accordance  with  the  following  requirements: 

Minimum. 

Weight  of  collar,  g 9.9 

Over-all  height  of  collar,  mm 22. 3 

Inside  diameter  at  bottom,  mm 12. 78 

Inside  diameter  at  top,  mm 9. 66 

3.  The  thermometer  shall  conform  to  the  following  specifications:  Thermom- 

etM. 
Total  length 370-400    mm.  (14.57    -  15.75  in.) 

Diameter 6.5-7.5       "  (  0.256-    0.295  *' ) 

Bulb  length Not  over  14  "  (Not  over  0.55    '* ) 

Bulb  Diameter 4.5-5.5        "  (  0.177  -    0.217  "  ) 

The  scale  shall  be  engraved  upon  the  stem  of  the  thermometer, 
shall  be  clear  cut  and  distinct,  and  shall  run  from  0  to  80®  C.  (32 
to  176°  F.)  in  i°  C.  divisions.  It  shall  commence  not  less  than 
75  mm.  (2.95  in.)  above  the  bottom  of  the  bulb.    The  thermometer 

>  Criticisms  of  this  Tentative  Method  are  solicited  and  should  be  directed,  pfeferably 
before  January  1 ,  1923,  to  Mr.  Pr6vost  Hubbard.  Secretary  of  Committee  D-4  on  Rood  and  Paving 
Materials,  25  W.  Forty-third  St.,  New  York  City. 
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Bath* 


shall  be  furnished  with  an  expansion  chamber  at  the  top  and  have 
a  ring  for  attaching  tags.  It  shall  be  made  of  a  suitable  quality  of 
glass  and  be  so  annealed  as  not  to  change  its  readings  under  condi- 
tions of  use.  It  shall  be  correct  to  0.25°  C.  (0.45°  F.)  as  determined 
by  comparison  at  full  immersion  with  a  similar  thermometer  cali- 
brated at  full  immersion  by  the  U.  S.  Bureau  of  Standards. 

4.  The  minimum  diameter  of  the  bath  shall  be  twice  the  diameter 
of  the  float;  the  minimum  depth  of  water  shall  be  equal  to  the  diam- 
eter of  the  bath. 


laperedfo 
make  Weighf' 


mm,\ 


9.68mm.       \^\A   ^t^^y- Threads 

tO.OZmm.       Tin      ? 


L55mm.±aot    \ 

I    ;   mm, ; 


Tapered  fo 
makeWeiqhh 


L5lmm.±0.Qlmm. 


Weighf  of  Fhaf  37.9Sg,±0JSg. 
»»       t9  Collar   9.95g.±a05g. 

Fig.  1. 


Preparatioii 
of  Sample. 


II.    PREPARATION  OF  SAMPLE. 

5.  The  sample  shall  be  completely  melted  at  the  lowest  possible 
temperature,  heating  only  sufficiently  to  bring  the  product  into  a 
fluid  condition  but  not  above  350°  F.,  and  stirred  thoroughly  until 
it  is  homogeneous  and  free  fom  air  bubbles. 

The  brass  collar  shall  be  placed  with  the  smaller  end  on  a  brass 
plate  which  has  been  previously  amalgamated  with  mercury  by  first 
rubbing  it  with  a  dilute  solution  of  mercuric  chloride  or  nitrate  and 
then  with  mercury.  The  sample  shall  be  poured  into  the  collar  in 
any  convenient  way  until  slightly  more  than  level  with  the  top.  It 
shall  be  cooled  to  room  temperature,  placed  in  water  maintained  at 
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5®  C.  for  5  minutes,  after  which  the  surplus  material  shall  be  removed 
by  means  of  a  spatula,  or  steel  knife,  which  has  been  slightly  heated. 
The  collar  and  plate  shall  then  be  placed  in  tin  cup  containing  ice 
water  maintained  at  5^  C,  ^^  1^  C,  and  left  in  this  bath  for  at  least 
15  minutes. 

III.    PROCEDURE. 

6.  (a)  The  bath  shall  be  filled  with  water  and  the  water  heated  Proceduro. 
to  the  temperature  at  which  the  test  is  to  be  made.    This  temperature 
shall  be  accurately  maintained  and  shall  at  no  time  throughout  the 
test  be  allowed  to  vary  more  than  0.5°  C.  from  the  temperature 
specified. 

(b)  After  the  material  to  be  tested  has  been  kept  in  the  ice  water 
for  not  less  than  15  minutes  nor  more  than  30  minutes,  the  collar  with 
its  contents  shall  be  removed  from  the  plate  and  screwed  into  the 
aluminum  float  and  immersed  in  water  at  5°  C.  for  one  minute.  Any 
water  shall  then  be  removed  from  the  inside  of  the  float  and  the  latter 
immediately  floated  in  the  warm  bath.  As  the  plug  of  material 
becomes  warm  and  fluid,  it  is  forced  upward  and  out  of  the  collar 
until  the  water  gains  entrance  into  the  saucer  and  causes  it  to  sink. 

(c)  The  time  in  seconds  between  placing  the  apparatus  on  the 
water  and  when  the  water  breaks  through  the  material  shall  be 
determined  by  means  of  a  stop  watch,  and  shall  be  taken  as  a  measure 
of  the  consistency  of  the  material  under  examination. 

Note. — Special  precaution  should  be  taken  to  insure  tlie  collar  fitting  tightly 
into  the  float  and  to  see  that  there  is  no  seepage  of  water  between  the  collar  and 
float  during  the  test. 
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1.  Samples  may  be  taken  for  either  of  two  purposes: 

(a)  To  represent  as  nearly  as  possible  an  average  of  the  bulk  of 
the  material  sampled. 

(6)  To  ascertain  the  maximum  variation  in  characteristics  which 
the  material  may  possess.  In  either  case  they  shall  be  obtained  by 
methods  hereinafter  described. 

2.  (a)  Care  shall  be  taken  that  the  samples  are  not  contaminated 
with  dirt  or  any  other  extraneous  matter  and  that  the  sample  con- 
tainers are  perfectly  clean  and  dry  before  filling. 

(6)  Immediately  after  filling,  the  sample  containers  shall  be 
tightly  closed  and  properly  marked  for  identification  on  the  con- 
tainer itself  or  on  a  linen  tag  attached  to  the  container. 

3.  (a)  Whenever  practical,  bituminous  materials  shall  be  sampled 
at  the  point  of  manufacture,  and  at  such  time  as  to  allow  the  tests, 
controlling  acceptance  or  rejection,  to  be  made  in  advance  of  shipment. 

(b)  When  impracticable  to  take  samples  at  the  point  of  manu- 
facture, they  should  be  taken  from  the  shipment  immediately  upon 
delivery. 

4.  For  routine  laboratory  examination  of  acceptability  of  a  given 
lot,  not  less  than  one  quart  of  material  should  be  submitted  which 
should  be  representative  of  the  average  sample  collected  as  herein- 
after described. 

5.  Containers  for  liquid  bituminous  materials  shall  be  small- 
mouth  cans  with  cork-lined  screw  caps.  Containers  for  semi-solid 
and  solid  materials  shall  be  friction  top  cans. 

I.    SAMPLING  AT  PLACE  OF  MANUFACTURE. 

6.  The  inlet  and  outlet  to  the  storage  tank  shall  be  sealed  and  a 
1-gal.  sample  drawn  from  the  top,  middle  and  bottom  contents.  The 
sample  may  be  taken  from  drain  cocks  on  the  side  of  the  tank,  if  such 

>  Critidaxna  of  these  Tentative  Methods  are  solicited  and  should  be  directed,  preferably  before 
January  1.  1923.  to  Mr.  Provost  Hubbard,  Secretary  of  Committee  D-4  on  Road  and  PttTinf 
Materials,  25  W.  Forty-third  St..  New  York  City. 
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are  available.  Enough  material  should  be  discarded  to  insure  a 
representative  sample.  Otherwise,  samples  may  be  taken  by  lowering, 
weighted  bottles  or  cans  into  the  material.  The  bottle  or  can  should 
be  fitted  with  a  stopper  which  can  be  removed  by  a  string  or  wire 
attached  to  it  after  it  has  been  lowered  to  the  proper  depth.  The 
three  samples  from  bulk  storage  shall  be  tested  separately  for  con- 
sistency in  order  to  detect  stratification.  They  may  then  be  com- 
bined and  thoroughly  mixed  for  other  tests  that  may  be  required. 

7.  Where   tank   cars,   distributors  or  barrels  are  being  filled, 
samples  may  conveniently  be  taken  from  the  pipe  line  through  which  t^^^ 
the  material  is  flowing,  as  hereinafter  described. 

(A)  When  Material  is  Pumped  Under  Pressure. 

8.  The  sampling  pipe,  shall  be  inserted  into  a  rising  section  of  the 
pipe  line  on  the  discharge  side  of  the  pump.  The  sampling  pipe  shall 
be  not  more  than  one-eighth  the  diameter  of  the  line  pipe  and  its 
opening  should  be  turned  at  an  angle  of  90  deg.  facing  the  flow  of 
the  liquid.  This  pipe  shall  be  provided  with  a  plug  cock  and  shall 
discharge  into  a  receiving  dnrna  of  50-gal.  capacity.  The  plug  cock 
shall  be  so  adjusted  that  there  is  a  steady  continuous  flow  of  bituminous 
material  through  it  and  shall  be  so  regulated  that  the  receiver  will  fill 
in  the  same  time  that  is  required  to  make  the  entire  pumping.  In  the 
case  of  semi-solid  materials,  the  receiver  shall  be  provided  with  a  steam 
coil  which  shall  keep  the  contents  at  a  temperature  just  above  the 
liquefying  point.  At  completion  of  the  pumping,  the  receiver  shall  be 
thoroughly  agitated,  and  a  1-qt.  sample  taken  therefrom.  The 
sampling  shall  be  so  regulated  that  for  each  1000  gal.  of- material 
pumped,  at  least  1  gal.  of  sample  is  taken;  but  40  gal.  shall  be  the 
limit  required  for  any  one  cargo. 

Care  should  be  taken  that  the  drip  cock,  after  once  having  been 
set,  allows  a  constant  flow  during  the  pumping. 

This  method  is  also  applicable  to  gravity  flows  where  the  pipe 
line  is  completely  filled  by  the  outflowing  liquid  and  has  a  rising 
section. 

(B)  When  Materials  Flaw  by  Gravity. 

9.  Materials  flowing  by  gravity  through  pipes  which  are  not 
completely  filled  may  be  sampled  by  taking  dipperfuls  at  the  outlet 
at  frequent  and  regular  intervals.  These  samples  shall  be  combined 
and  the  total  sample  shall  be  not  less  than  0.1  per  cent  of  the  whole 
material.  The  samples  shall  be  collected  in  a  receiver  and  resampled 
as  described  in  Section  8. 
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II.   sampling  at  point  of  delivery. 

Tank  Cari.  .  10.  Samples  may  be  taken  by  means  of  a  weighted  bottle  or  can, 
as  described  in  Section  6,  or  from  the  unloading  pipe  line  as  described 
in  Section  7 

Liquid  bituminous  materials  shall  be  sampled  before  heating. 
Semi-solid  or  solid  bituminous  materials  shall  be  rendered  fluid  by 
heating.  Sampling  should  be  so  conducted  as  to  eliminate  the  possi- 
bility of  adventitious  water  resulting  from  leaky  steam  heating  coils, 
rain  or  snow. 
'Distributors.  H.  Samples  may  be  taken  from  distributors  by  means   of  a 

weighted  bottle  or  can,  as  described  in  Section  6.    One  sample  shall 
be  sufficient. 

Banretoand  12.  (a)  Samples  of  liquid  bituminous  materials  from  barrels  or 

drums  may  be  secured  by  taking  1  qt.  of  material  from  one  out  of 
every  ten  packages,  combining  and  thoroughly  mixing  these  samples 
and  then  removing  an  average  sample  from  the  combined  material, 
(ft)  Sampling  of  solid  or  semi-solid  materials  from  barrels  is  more 
difficult  to  accomplish  properly.  It  is  recommended  that  samples  be 
taken  from  each  car  lot,  but  if  this  sample  fails  to  meet  the  specifica- 
tion requirements,  then  a  sample  shall  be  taken  from  each  batch 
represented  or  from  one  out  of  each  twenty  barrels,  samples  to  be 
taken  from  at  least  3  in.  below  the  surface  and  .at  least  3  in.  from  the 
side  of  the  barrel.  A  clean  hatchet  may  be  used  if  the  material  is 
hard  enough  to  shatter  and  a  broad  stiff  putty  knife  if  the  material 
is  soft.  The  samples  so  taken  shall  be  melted  and  thoroughly  mixed 
and  an  average  sample  taken  from  the  combined  material  for 
examination. 


Drams* 


Digitized  by 


Google 


TENTATIVE  METHOD  OF  TEST 

FOR 

FUSIBILltY    OF    COAL   ASH.» 
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.  This  is  a  Tentative  Standard  only,  published  for  the  purpose  of  eliciting 
criticism  and  suggestions.  It  is  not  a  Standard  of  the  Society  and  until  its 
adoption  as  Standard  it  is  subject  to  revision. 

IssuBD,  1919;  Revised,  1922. 

Apparatus. 

Standard  Furnace. — The  No.  3  melter's  furnace  of  the 
American  Gas  Furnace  Co.,  shall  be  used,  or  its  equivalent. 

The  No.  3  melter's  furnace  is  a  type  of  pot  furnace  especially 
suitable  for  fusion  determination  in  that  the  burners,  three  in 
number,  are  on  a  tangent  near  the  base  of  the  furnace,  thus 
producing  a  rotary  flame  which  completely  surrounds  the  cru- 
cible in  which  the  cones  are  placed.  The  whirling  flame  heats 
the  crucible  uniformly  and  when  the  furnace  is  operated  with 
excess  gas  supply,  a  reducing  atmosphere  is  maintained  within 
the  crucible,  which  condition  gives  the  lowest  point  at  which 
the  ash  fuses.  The  air  should  be  supplied  at  an  approximate 
pressure  of  3  lb.  per  sq.  in.,  and  either  natural  or  artificial  gas 
may  be  used. 

The  furnace  proper  consists  of  three  easily  replaceable 
fire-clay  parts,  namely,  a  lower  cylinder  containing  the  three 
tangential  tuyeres,  and  forming  the  bottom  of  the  furnace,  a 
removable  upper  cylinder  7  in.  in  internal  diameter  and  7  in. 
high,  and  a  cover  plate  ij  in.  thick,  having  a  vent  hole  in  the 
center  for  the  flue  gas. 

The  stock  design  should  be  modified  by  furnishing  the 
upper  cylincler  with  two  holes  in  the  side:  a  2-in.  observation 
hole  with  its  center  4  in.  from  the  top  of  the  cylinder  (excluding 

>  Critidtmi  of  this  Tentative  Method  are  solicited  and  should  be  directed  to  Mr.  W. 
A.  Selvig,  Secretary  of  Committee  D^  on  Coal  and  Coke.  U.  S.  Bureau  of  Mines.  4800  Forbes 
St.,  Pittsburgh.  Pa. 

This  method,  when  adopted  as  standard,  will  be  added  to  the  present  Standard  Methods 
of  Laboratory  Sampling  and  Analysis  of  Coal  (Serial  Designation:  D  22-21).  1921  Book  ti 
A.8.T.M.  Standards. 
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cover  plate),  and  a  1-in.  thermocouple  hole  90  deg.  to  the  right 
of  the  observation  hole;  the  bottom  of  these  two  holes  being  in 
the  same  horizontal  plane.  The  interior  of  the  furnace  is 
cylindrical  and  approximately  7  in.  in  diameter  and  1 1  in.  high. 


Fig.  1. — No.  3  Melter's  Furnace  and  Accessories. 

A  counter-balanced  sheet-iron  canopy  is  connected  with  a 
telescopic  8-in.  flue  to  an  exhaust  system  to  conduct  the  liot 
gases  out  of  the  room.  Two  melter's  No.  3  furnaces  and  acces- 
sories are  shown  in  Fig.  1. 
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The  joint  between  the  upper  and  lower  cylinder  is  made 
fairly  gas-tight  by  spreading  on  the  top  of  the  lower  cylinder  a 
thick  paste  of  alundum  cement  to  a  depth  of  J  in.  and  then 
firmly  pressing  the  upper  cylinder  into  place.  The  outer  part  of 
the  joint  is  also  smoothed  over  with  alundum  cement.  The 
fire-clay  furnace  cylinders,  and  cover  will  withstand  a  temperature 
of  about  1650°  C. 

*  Refractory  Crucibles. — The  interior  of  the  furnace  as  arranged 
for  making  a  test  is  shown  in  Fig.  2.   The  ash  cones  d  are  sup- 


FiG.  2  —Section  of  No.  3  Melter's  Fttmace  Arranged 
for  Fusion  Tests. 

ported  on  a  plate  of  alundum  cement  serving  as  a  cover  for 
crucible  c  which  is  a  Denver  fire-clay  hard  burned  crucible, 
3 J  in.  high  and  2 1  in.  in  diameter  at  the  top.  The  cone- 
supporting  crucible  is  within  the  crucible  h  which  with  the  cover 
g  serves  as  a  muflae.  Crucible  6  is  a  Denver  fire-clay  hard  burned 
crucible,  No.  K,  l\  in.  high  and  4  f  in.  in  diameter  at  the  top, 
and  rests  on  fire-clay  support  a.  This  crucible  should  be  provided 
with  two  holes  in  the  side,  an  observation  hole  1 J  in.  in  diameter 
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with  its  center  2  in.  from  the  top  of  the  crucible  and  a  ther- 
mocouple hole  1  in.  in  diameter,  90  deg.  to  the  rfght  of  the  obser- 
vation hole.  The  bottom  of  this  hole  should  be  in  the  same 
horizontal  plane  as  the  bottom  of  the  observation  hole.  The 
hard  burned  fire-clay  crucibles  will  not  withstand  a  temperature 
exceeding  1500°  C.  The  average  life  of  a  fire-clay  crucible  under 
these  conditions  is  about  six  runs. 

Corundite  crucibles  and  covers  of  the  Massillon  Stone  and 
Fire  Brick  Co.,  or  their  equivalent,  are  longer  lived  than  the  fire- 
clay crucibles,  being  good  for  about  fifty  runs.  A  special  form  used 
by  the  Bureau  of  Mines  is  3  in.  inside  diameter,  4j  in.  high  out- 
side, with  a  wall  thickness  of  about  i  in.  Crucibles  should  be 
provided  with  two  holes  in  the  side,  an  observation  hole  2  in.  in 
diameter  with  its  center  if  in.  above  the  bottom  of  the  crucible, 
and  a  thermocouple  hole  1  in.  in  diameter,  90  deg.  to  the  right 
of  the  observation  hole.  The  bottom  of  this  hole  should  be  in 
the  same  horizontal  plane  as  the  bottom  of  the  observation  hole. 

Observation  Tube. — ^A  fused  silica  or  refractory  porcelain 
tube  /,  l|  in.  in  external  diameter  and  6  in.  long,  is  placed  in 
the  2  in.  observation  hole  of  the  furnace,  the  inner  end  being 
flush  with  the  inside  furnace  wall  and  the  other  end  projecting 
out  of  the  furnace.  A  brass  sleeve  carrying  a  thin  glass  window 
is  slipped  on  the  outer  end  of  the  observation  tube  to  prevent 
the  escape  of  burning  gas,  which  would  interfere  with  a  con- 
venient observation  of  the  cones. 

Blowing  Tube. — ^At  furnace  temperatures  above  1000®  C, 
it  is  very  difficult  to  observe  the  ash  cones.  A  Marquadt,  Usalite, 
Impervite  or  equal  quality  porcelain  blowing  tube  ^  in.  in  diam- 
eter is  inserted  through  the  same  hole  as  the  thermocouple 
tube.  This  tube  has  small  perforations  along  one  side  by  which 
air  may  be  forced  upon  the  cones  at  the  time  of  making  the 
observation,  thus  momentarily  coolmg  the  ash  cones  and  render- 
ing them  visible.  The  blowing  tube  is  connected  to  the  com- 
pressed air  line  by  means  of  rubber  tubing  and  the  air  is  let  into 
the  tube  at  the  time  of  observation  by  means  of  a  pinchcock. 

Brass  Cone  Mold. — ^A  brass  cone  mold  for  making  ash  cones, 
}  in.  high  and  ^  in.  at  each  side  of  base,  which  is  an  equilateral 
triangle,  is  illustrated  in  Fig.  3. 

Pyrometer. — ^Temperature  measiurements  may  be  made 
with  a  thermocouple  of  platinum  and  platinum-rhodium,  pro- 
tected from  the  furnace  gases  by  a  glazed  Marquadt,  Usalite, 
Impervite  or  equal  quality  porcelain  tube,  and  a  high-resistance 
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milfivoltmeter;  or  with  an  optical  pyrometer  preferably  of  the 
Leeds  and  Northrup,  or  Wanner  type.  This  equipment  should 
be  checked  frequently  by  mounting  small  pieces  of  pure  gold 
or  nickel  wire  or  foil  in  the  same  manner  as  the  cones.  With  a 
strong  reducing  atmosphere  1452^  C.  should  be  obtained  for  the 
melting  point  of  the  nickel  and  1063^  C.  for  the  gold.  The  pyrom- 
eter equipment  should  also  from  time  to  time  be  standardized 
through  the  temperature  range  for  which  it  is  used,  by  a  suitably 
equipped  standardizing  laboratory  such  as  that  of  the  U.  S. 
Bureau  of  Standards. 


Pig.  3.— Brass  Cone  Mold. 
PREPARATION  OF  COAL  ASH. 

Spread  out  50  to  100  g.  of  60-mesh  coal  on  a  6-in.  fire-clay 
roasting  dish,  and  conipletely  convert  to  ash  in  a  muffle  furnace 
at  a  temperature  of  800  to  900°  C.  Transfer  5  to  10  g.  of  this 
ash  to  an  agate  mortar^  and  grind  to  a  fineness  of  200  mesh. 
Then  place  the  ash  in  a  silica  or  porcelain  capsule,  f  in.  deep 
and  if  in.  in  diameter,  and  ignite  for  a  period  of  two  hours  in  a 
current  of  oxygen,  at  a  temperature  of  800  to  850°  C.  This 
ignition  is  made  to  insure  complete  and  imiform  oxidation  of 
the  ash. 


<  A  mtchanlf!  •gAteHiiortar  gdadtr  will  m^  time  where  many  determiiuitioni  am  made. 
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Preparation  of  Cones. 

Moisten  the  ignited  ash  with  a  10-per-cent  dextrin  solution 
and  work  into  a  plastic  mass  with  a  spatula.  Mold  the  plastic 
material  into  small  triangular  pyramids  f  in.  high  and  J  in. 
wide  at  the  side  of  the  base.  The  pyramids  are  made  by  firmly 
pressing  the  plastic  material  with  a  steel  spatula  into  a  brass 
mold  of  the  dimensions  mentioned,  the  mold  being  similar  to 
that  shown  in  Fig.  3.  Strike  off  the  surface  smooth  and  remove 
the  cone  from  the  mold  by  applying  a  small  knife  blade  at  the 
base.  Mount  the  cones  when  dry  in  a  refractory  base  composed 
of  a  mixture  of  equal  parts  of  kaolin  and  calcined  alumina. 
Moisten  the  base  mixture  to  make  it  workable,  and  spread  a 
part  of  it  out  on  a  sheet-iron  plate.  Then  mount  the  cone  in  a 
vertical  position  in  a  small  hole  made  in  the  base,  and  put  base 


Pig.  4. — Typical  Forms  of  Cones  Fused  in  the  No.  3  Melter's  Furnace. 

material  into  the  hole  around  the  bottom  of  the  cone  to  fill  the 
crevices  and  make  the  cone  stand  firmly.  Usually  five  cones  are 
moimted  in  one  base  in  the  manner  shown  in  Fig.  4.  Dry  the 
sheet-iron  plate  with  the  test  piece  on  a  hot  plate.  Ignite  the 
cones  at  a  dull  red  heat  for  30  minutes  in  an  open  muffle  to 
remove  the  carbonaceous  material. 

Method  of  Heating. 

Place  the  test  piece  in  the  muffle  crucible  of  the  melter's 
furnace  in  the  position  shown  in  Fig.  2,  place  the  loosely  fitting 
cover  g  on  the  crucible,  and  ignite  the  gas.  It  is  necessary  to 
let  the  gas  burn  about  10  minutes  to  heat  the  furnace  parts 
before  the  large  cover  plate  of  the  furnace  is  replaced;  otherwise 
the  flame  is  apt  to  blow  out.   During  this  time  increase  the  flow 
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of  gas  and  air  sufficiently  to  cause  the  combustion  to  taJce  place 
just  above  the  tuyeres  and  yet  maintain  a  yellowish  flame  at 
least  6  in.  above  the  opening  in  the  furnace  cover  plate.  While 
such  a  flame  is  maintained  above  the  furnace  gradually  increase 
the  temperature  by  a  suitable  adjustment  of  gas  and  air  to 
800°  C,  then  reduce  the  rate  of  heat  increase  to  not  less  than 
5®  C.  and  not  more  than  10*^  C.  per  minute.  Maintain  this 
rate  until  the  end  of  the  test.  It  Is  also  important  that  the  6  in, 
reducing  flame  be  maintained  at  the  furnace  vent  throughout 
the  test,  if  possible,  and  at  all  events  up  to  a  temperature  of 
1450°  C.  Temperatures  above  1450°  C.  require  larger  proportions 
of  air  to  gas;  however,  a  strongly  reducing  atmosphere  is  not  so 
essential  at  the  higher  temperatures,  as  refractory  ashes,  owing 
to  their  low  iron-oxide  content,  are  only  slightly  aflFected  by 
oxidizing  or  reducing  atmospheres.  After  a  test  has  been  com- 
pleted, turn  the  supply  of  gas  and  air  off  gradually  to  avoid 
cracking  the  mufBe  crucible. 

The  softening  temperature  is  defined  as  the  temperature  at 
which  the  cone  has  fused  down  to  a  spherical  lump,  as  shown  in 
cones  2  and  3  of  Fig.  4.  Cone  4  has  almost  reached  the  softening 
temperature. 

The  permissible  differences  of  the  softening  temperature 
point  in  duplicate  determinations  are  as  follows: 

Same  analyst 30®  C. 

Diflferent  analysts 50**  C. 

Notes. 

Critical  points  other  than  the  softening  temperature,  that  may  be  observed 
during  the  test,  and  which  may  be  of  value  are  as  follows: 

The  Initial  Deformation  Temperature. — The  temperature  at  which  the 
first  rounding  or  bending  of  the  apex  of  the  cone  takes  place,  as  shown  in 
cone  1  of  Fig.  4.  Such  bending  must  not  be  confused  with  a  shrinking  or 
warping  of  the  cone. 

The  Fluid  Temperature, — The  temperature  at  which  the  cone  has  spread 
out  over  the  base  in  a  flat  layer,  as  represented  by  cone  5  of  Pig.  4 
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I.    APPARATUS. 

1.  The  shatter  test  machine  shall  consist  of  a  box  18  in.  in  width, 
28  in.  in  length,  and  approximately  15  in.  in  depth,  supported  above  a 
rigidly  mounted  cast-iron  or  steel  plate,  not  less  than  ^  in.  in  thickness, 
38  in.  in  width,  and  48  in.  in  length.  The  inside  of  the  bottom  of  the 
box  shall  be  6  ft.  above  the  plate.  The  bottom  of  the  box  shall  consbt 
of  two  doors  hinged  lengthwise  and  latched  so  that  they  will  swing 
open  freely  and  not  impede  the  fall  of  the  coke.  Boards  about  8  in. 
in  height  should  be  placed  around  the  plate  so  that  no  coke  is  lost 
To  prevent  the  breakage  of  coke,  which  may  occur  while  placing  the 
sample  in  the  box,  the  box  shall  be  constructed  so  that  it  can  be  lowered 
to  a  convenient  level,  which  is  best  done  by  means  of  a  pidley  and 
coimter-weight. 

2.  For  determining  the  breakage  of  coke,  square-mesh  screens 
with  the  following  openings  shall  be  used:  2  in.,  1^'  in.,  1  in.,  and  \  in. 
A  circular  screen,  2  ft.  in  diameter,  is  satisfactory. 


II.    SAMPLING. 

PUce  of  3.  (d)  If  the  shatter  test  is  to  be  used  to  indicate  the  probable 

samiding.  breakage  of  coke  on  handling,  the  sample  should  be  taken  before  the 
coke. is  subjected  to  possible  breakage  resulting  from  screening  and 
loading  into  cars.  In  the  case  of  by-product  coke,  the  sample  should 
be  collected  from  the  coke  wharf;  while  samples  of  beehive  coke  should 
be  collected  as  it  is  delivered  from  the  ovens. 

(b)  If  the  shatter  test  is  to  be  used  to  indicate  the  fitness  of  the 
coke  for  furnace  or  cupola  use,  the  sample  should  be  collected  at  the 
point  of  delivery. 

1  Criticisms  of  this  Tentative  Method  are  solicited  and  should  be  directed  to  Mr.  W.  A*  Selvig. 
Secretary  of  Committee  D-5  on  Coal  and  Coke.  U.  S.  Bureau  of  Mines.  4800  Forbes  St..  Pittsborili,  Pa, 

.       (822) 
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4.  (a)  By-Product  Coke. — About  75  lb.  of  representative  pieces  of  SampUng  at 
coke,  none  of  which  would  in  any  position  pass  through  a  2-in.  square-  Source, 
mesh  screen,  shall  be  selected  from  the  coke  wharf  for  each  test.    This 

is  best  accomplished  by  dividing  the  coke  on  the  wharf  into  approxi- 
mately equal  areas,  and  selecting  an  equal  number  of  pieces  from  each 
area.  Each  piece  selected  shall  be  approximately  equal  jn  length  to 
one-half  the  width  of  the  coke-ovens,  and  should  show  a  "cauliflower" 
end  produced  at  the  walls  of  the  ovens,  and  an  "inner"  end  produced 
at  the  center  of  the  ovens. 

(b)  Beehive  Coke. — ^About  75  lb.  of  representative  pieces  of  coke 
shall  be  selected  for  each  test  as  the  coke  is  drawn  from  the  ovens.  This 
is  best  done  by  selecting  full-length  pieces,  or  their  equivalent,  as  the 
coke  is  being  drawn  from  previously  determined  points  in  the  oven,  so 
that  they  include  pieces  from  the  front,  sides,  center,  and  back.  If 
the  individual  pieces  as  taken  from  the  ovens  are  too  large  and  bulky, 
the  75-lb.  sample  shall  be  collected  by  removing  three  small  pieces  from 
each  large  piece — one  from  the  top,  the  middle,  and  the  bottom.  The 
sample  finally  collected  should  be  composed  of  an  equal  mmtiber  of 
pieces  showing  top,  middle,  and  bottom.  None  of  the  pieces  com- 
prising the  sample  shall  in  any  position  pass  through  the  2-in.  square- 
mesh  screen. 

5.  By 'Product  and  Beehive  Coke. — ^The  sample  is  best  collected  as  SampUng  at 
the  coke  is  delivered  from  the  railroad  cars  into  the  bins.    This  may  ^•"^•'y- 
be  accomplished  by  inserting  a  scoop  of  10  to  15-lb.  capacity  in  the  coke 

stream  at  regular  intervals  during  the  period  of  imloading.  The 
sample  collected  shall  be  large  enough  to  give  about  75  lb.  of  coke 
pieces,  none  of  which  would  in  any  position  pass  through  a  2-in. 
square-mesh  screen. 

As  it  is  very  diflSicult  to  collect  a  representafive  sample  from  coke 
exposed  in  bins  and  cars,  care  should  be  taken  to  take  pieces  repre- 
senting the  entire  exposed  area,  if  sampling  must  be  done  in  this 
manner.  This  is  best  accomplished  by  dividing  the  exposed  surface  to 
be  sampled  into  approximately  equal  areas,  and  selecting  an  equal 
number  of  pieces  from  each  area.  Approximately  75  lb.  of  repre- 
sentative pieces,  none  of  which  would  in  any  position  pass  through  a 
2-in.  square-mesh  sieve,  shall  be  collected. 

III.    PROCEDURE. 

6.  About  50  lb.  of  the  sample  shall  be  placed  in  the  box  of  the  Procedure, 
coke  shatter  test  machine,  the  coke  levelled,  the  box  raised,  and  the 

coke  dropped  four  times  on  the  plate,  the  small  material  produced 
being  returned  each  time  to  the  box  with  the  large  coke.    To  prevent 
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breakage  of  the  coke,  the  box  should  be  lowered  to  a  convenient  height 
when  transferring  the  sample  into  it.  After  the  fourth  drop,  the 
material  shall  be  successively  run  through  the  screens  described.  The 
coke  should  be  screened  in  such  increments  as  will  allow  all  pieces  to 
be  in  direct  contact  with  the  screen  openings. 

In  screening,  care  should  be  taken  to  prevent  breakage  of  the 
coke  pieces.  The  screen  shall  be  shaken  gently  until  all  of  the  pieces 
are  in  direct  contact  with  the  meshes.  The  coke  remaining  on  each 
screen,  and  that  which  passes  through,  shall  be  weighed  separately. 
If  the  sum  of  these  weights  shows  a  loss  of  over  1  per  cent,  the  test 
shall  be  rejected  and  another  made. 

The  results  of  the  shatter  test  shall  be  reported  as  follows: 

Screen.  Si7b. 

Retained  on  2  in per  cent 

Retained  on  1§  in.,  passing  2  in per  cent 

Retained  on  1  in.,  passing  1}  in per  cent 

Retained  on  i  in.,  passing  1  in per  cent 

Passing'}  in per  cent 

Number  of  7.  Since  the  average  probable  error  of  a  single  shatter  test  deter-  i 

^•®*'*         mination  is  approximately  2  per  cent,  it  is  advisable  to  make  several  ' 

tests  and  report  the  average  result.  1 
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Proximate  Analysis. — The  quantitative  determination,  by  fixed  pro- 
cedure, of  ingredients  not  elementary  or  of  definite  comi>osition. 
In  the  case  of  coal,  the  determination  of  moisture,  volatile  matter, 
fixed  carbon  (by  difference),  and  ash. 

Note. — Sulfur  in  coal,  although  commonly  reported  with  the  proximate  analy- 
sis, is  not  correctly  a  part  thereof,  being  elementary  and  of  definite  composition. 
Sulfur  moreover  is  distributed,  in  the  proximate  analysis,  as  a  constituent  of  two 
or  more  of  the  ingredients  thus  determined. 

Uliimate  Analysis. — The  quantitative  determination  of  the  elementary 
constituents.  In  the  case  of  coal,  the  determination  of  carbon, 
hydrogen,  and  oxygen  (by  difference),  exclusive  of  such  portions 
as  may  be  present  in  the  incombustible  residue,  and  the  deter- 
mination of  sulfur  and  nitrogen  in  the  entire  material. 

Note. — Part  of  the  hydrogen  and  oxygen  as  determined  is  present  in  the  mois- 
ture of  the  coal. 

Moisture, — That  constituent  part,  largely  made  up  of  water,  in  a 
substance,  which  is  separated  from  it  in  analysis  under  specified 
conditions  of  drying.  In  the  case  of  coal,  the  loss  incurred  by 
heating  at  105°  C.  in  accordance  with  the  Standard  Methods  of 
Laboratory  Sampling  and  Analysis  of  Coal  (Serial  Designation: 
D  22)  of  the  American  Society  for  Testing  Materials.*  As 
occurring  in  coal,  moisture  may  or  may  not  be  apparent  to  the 
eye  and  touch. 

*  Criticisms  of  these  Tentative  Definitions  are  solicited  and  should  be  directed  to  Mr.  W.  A.  Selvig, 
Secretary  of  Committee  D-5  on  Coal  and  Coke.  U.  S.  Bureau  of  Mines.  4800  Forbes  St.,  Pittsburgh,  Pa, 
» 1921  Book  of  A.S.T.M.  Standards. 
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VolatUe  MaUer. — ^In  the  case  of  coal,  that  portion  (exclusive  of  mois- 
ture) which  is  driven  off  by  destructive  distillation  under  the 
conditions  specified  in  the  Standard  Methods  of  Laboratory 
Sampling  and  Analysis  of  Coal  (Serial  Designation:  D  22)  of  the 
American  Society  for  Testing  Materials.'  It  is  not  contained  in 
the  coal  as  such,  but  is  formed  by  decomposition,  and  consists  of 
combustible  matter  (tars  and  gases)  and  incombustible  matter 
whose  respective  proportions  vary  with  the  type  of  coal. 

Fixed  Carbon. — In  the  case  of  coal,  the  solid  residue,  other  than  ash, 
obtained  by  destructive  distillation  under  the  conditions  speci- 
fied in  the  Standard  Methods  of  Laboratory  Sampling  and 
Analysis  of  Coal  (Serial  Designation:  D  22)  of  the  American 
Society  for  Testing  Materials.*  It  is  made  up  principally  of  car- 
bon, but  contains  also  appreciable  quantities  of  sulfur,  hydrogen, 
nitrogen  and  oxygen. 

Ash. — Inorganic  residue  remaining  after  complete  ignition  of  com- 
bustible substances.  In  the  case  of  coal,  the  residue  after  igniting 
under  the  conditions  specified  in  the  Standard  Methods  of  Labora- 
tory Sampling  and  Analysis  of  Coal  (Serial  Designation:  D  22) 
of  the  American  Society  for  Testing  Materials.* 

Note.— The  ash  as  thus  determined  is  less  in  amount  than  that  of  the 
actual  incombustible  constituents  of  dry  coal  owing  to.  chemical  changes  which 
occur  in  these  by  burning. 

>  I92I  Book  of  A.S.T.M.  SUndardi. 
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1.  Tests  on  small  clear  specimens  of  wood  are  made  to  afford:     Pnrpote  of 
(a)  Data  for  comparing  the  mechanical  properties  of  various  ^•■**' 

species. 

(6)  Data  for  the  establishment  of  correct  strength  functions  or 
working  stresses. 

(c)  Data  upon  which  to  determine  the  influence  on  the  mechanical 
properties  of  such  factors  as  density,  locality  of  growth,  position  in 
cross-section,  height  of  timber  in  the  tree,  change  of  properties  with 
seasoning,  and  change  from  sapwood  to  heartwood. 

2.  The  principal  tests  used  to  determine  the  mechanical  proper-  Kind  of 
ties  are  static  bending,  compression  parallel  to  grain,  impact  bending,  '^••^' 
compression  perpendicular  to  grain,  hardness,  shear  parallel  to  grain, 
tension  perpendicular  to  grain,  cleavage,  and  tension  parallel  to  grain. 

The  principal  physical  properties  which  will  be  determined  are  specific 
gravity,  radial  shrinkage,  tangential  shrinkage,  and  shrinkage  in 
volume. 

MATERIAL. 

I.    COLLECTION. 
{A)  Selection. 

3.  The  material  shall  be  from  trees  selected  in  the  forest  by  one  Authentic 
qualified  to  indentify  the  species.  identiflcation. 

4.  For  each  species  to  be  tested  from  a  given  locality,  at  least  Selection  and 
five  representative  trees  of  merchantable  size  and  of  approximately  J^J^*'  **' 
average  age  shall  be  selected. 

5.  The  material  from  five  trees  of  each  species  from  a  given  Selection  and 
locality  shall  be  selected  as  follows:  B^^*'  ^' 

1  Criticisms  of  these  Tentative  Methods  are  solicited  and  should  be  directed,  preferably  before 
January  1,  1923,  to  Mr.  J.  A.  Newlin,  Secretary  of  Committee  D-?  on  Timber,  Forest  Products 
Laboratory.  Madison,  Wis. 
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(a)  From  one  tree,  the  entire  merchantable  bole,  if  not  over 
16  ft.  in  length;^  if  over  16  ft.  in  length,  four  4-ft.  sections  or  bolts, 
the  first  to  be  taken  at  the  stump,  the  second  and  third  at  distances 
of  one-e'ghth  and  three-eighths,  respectively,  of  the  merchantable 


SHIP.  L 140 
WESTERN 
YELLOW 

PINE 
TREE   NO.  I 

fll^!V 

1 

^ 

^^Hmk 

^^ 

^^wj' 

i^^^^^^V 

^ . 

^^Hk 

^ 

^T 

Fig.  1. — Section  of  Log  Selected  for  Test  Material. 

length  above  the  stump  or  as  near  thereto  as  possible;  and  the 
fourth  at  the  top  of  the  merchantable  length. 

(ft)  From    two    trees,   the    8-ft.   section  next  above   the  8  ft. 
butt  log. 

>  Experience  has  shown  that  fotir  sections  or  bolts,  each  4  ft.  in  length,  will  usually  be  sufficient 
for  sttidying  the  influence  of  height  in  tree  on  the  mechanical  proi>erties. 
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(c)  From  two   trees,  the  4-ft.  section  next  above  the   l2-ft. 
butt  log. 

6.  In  cases  where  the  logs  or  bolts  are  over  36  in.  in  diameter,  sobttttntion 
a  single  flitch  6  in.  in  thickness,  taken  through  the  pith  in  a  north  f  ^^^ 
and  south  direction  and  representing  the  full  diameter  of  the  log, 

may  be  subUituted,  in  the  same  length,  for  the  full  log  or  bolt 
specified  fn  Section  5. 

7.  When  the  trees  are  relatively  small  in  diameter,  material  in  saiectioA 
addition  to  that  provided  for  in  Sections  5  and  6  shall  be  collected,  SjJJJJ^ 
whenever  possible,  to  insure  a  sufficient  number  of  tests  to  give  a 
good  average  for  the  species. 
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Pig.  2. — Sketch  Showing  Method  of  Cutting  up  the  Bolt  and  Marking  the  Sticks. 

(5)  Field  Marking. 

8.  Each  tree  shall  be  given  an  arable  number,  the  numbering  in  Tree 

any  given  shipment  to  be  consecutive  for  trees  of  a  given  species.         Dedgnatioii. 

9.  Each  4  ft.  of  length  of  a  tree  or  log  shall  be  considered  a  "bolt."  Bolt 
Bolts  shall  be  designated  by  small  letters,  beginning  with  a  for  the  >>•■*«»**>«»• 
4-ft.  section  next  above  the  stump.     Bolt  letters,  therefore,  indicate 
position  with  respect  to  height  in  tree. 

10.  The  tree  nimiber  and  bolt  designation  shall  be  plainly  marked  Maaa«r  of 
upon  each  log  selected  by  the  collector.     Thus  the  16-ft  butt  log  of  ^•**«* 
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Potnt 
Indicttad. 
SUpnent 
Number. 


Field 
Deecriptioas. 


Tree  No.  2  would  be  designated  2abcd.    Steel  dies  are  recommended 
for  marking  the  butt  end  of  the  logs. 

11.  The  north  side  of  each  log  shall  be  indicated  in  some  con- 
venient manner. 

12.  All  material  collected  from  a  given  locality  and  shipped  at 
one  time  shall  be  given  a  shipment  number  or  other  designation. 

Table  I. — Shipment  Description  Field  Notes. 


Preparation 
lor  SUpBient* 


Shipment  No.,   323 

Species,    LodgepoU  pine 

County,    Jefferson 

Date  cut,    OcL  10,  1914 

Aspect,    southeasterly 


Project  No.,   124 

Tree  No.,    10 

Locality  cut:  State^    Montana 

Township,    6  N.,  R.  7  W.,  M.  P.  M. 

Slope,    Moderate  Absolute  elevation,    6600  fL 

Under^growth,    None  Soil,    Deep,  fresh-decomposed  granite 

Height,    73.9  ft.  Seedling  or  sprout,    Seedling  Age,    140 

Crown,    Length  25  ft.,  width  12  ft.  D.B.H.    11.1  in. 

Stem,    Sound,  smooth,  clear,  length  20  ft.  Date  sawed,    Oa.  10,  1914 

How  and  when  transported  from  woods,    By  sleigh  and  wagon,  Oct.  13  to  15,  1914. 

List  of  Specimens  Sawed. 


Log  No. 

Bolts. 

u^ 

Volume. 

Feetage. 
b.  m. 

S?S; 

Butt.  in. 

Top.  in. 

lb. 

1 
2 
3 
4 
5 

bod 
nop 

12.1 
12.1 
12.1 
12.1 
12.1 

11 
0.6 
8.9 

7.7 
6.1 

336 
280 
243 
176 
95 

Remarks:  Stump  height,  1.0  ft.  Butt  off  on  account  of  froit  crack  3.0  ft.  Length 
of  top  above  last  section  taken,  9.4  ft.  Total  age,  140  years.  Tree  was  dominant  through-- 
out  Ufe.  Rate  of  growth,  regular  and  good  average  for  Site  I,  Lower  slope  type,  although 
of  more  than  average  height  for  the  age  and  diameter  found  on  poorer  sites. 

(C)  Field  Descriptions. 

13,  (a)  Complete  field  notes  describing  the  material  shall  be 
fully  and  carefully  made  by  the  collector.  These  notes  shall  in 
general,  supply  data  as  outlined  in  Table  I. 

(ft)  Photographs  of  the  standing  trees  selected  shall  be  taken. 

(Z?)  PreparoMan  for  Shipment. 

14.  (a)  The  bark  will  be  left  on  each  log,  and  care  shall  be  taken 
to  keep  the  bark  intact  The  ends  of  the  logs  shall  be  carefuUy 
painted  to  retard  or  prevent  end  drying  and  end  checking. 

(&)  Record  shall  be  made  of  the  shipment  routing,  bill  of  lading, 
kiiid][of  shipment,  date  of  shipment,  and  condition  of  material  when 
•W^pedl 
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.W   Record  shall  also  be  made  of  date  of  receipt  of  shipment  at 
acstination,  its  condition  and  method  of  storage. 

II.    DISPOSITION. 
(-4)  Storage  of  Logs  at  Destination. 
15.   Material  shall  not  be  kept  in  the  bolt  or  log  form  long  enough  sto«»f»  •« 
to  permit  damage  by  checks,  decay,  stains,  or  insect  attack.     The 
logs  shall  be  piled  on  skids,  free  from  contact  with  the  soil,  and  shall 
^u  ^  ^^  stored  where  subjected  to  artificial  heat.     In  addition  they 
should  preferably  be  protected  from  the  sun. 


Fig.  3.— Cross-Sections  of  Bending  Specimens  Showing  Different  Rates  of  Growth 
of  T^on^leaf  Pine  (2  by  2-in.  Specimens).       |B  aBHSBM 


top 
thai 


B)  Phofniwraphing,  Sawing  and  Final  Marking. 

bolt  shall  be  photcgr^P^ 
the  log  as  to  in'dif^  ,^  -* 
points  be  i^" 
,  of  this  ^^'>^     -W. 

^j?/*^"^'  ^Xth  th 


V.'  ?  4 


it  is 
_    \\n\chis 
riot  be  sur- 
their   ^jsridth  in 
^elieartwooci,  and  the 
,  the  second   shall  con- 
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Marking  of 
Teat  Sticks. 


(b)  When  flitches  are  substituted  for  bolts  (Section  6),  the  same 
general  marking  and  numbering  scheme  of  Paragraph  (a)  shall  be 
followed^  in  so  far  as  it  is  applicable. 

18.  All  test  sticks  shall  bear  the  shipment  number,  the  tree 
number,  stick  number,  and  bolt  designation,  to  be  known  respectively 
as  Shipment  No.,  Piece  No.,  Stick  No.,  and  mark.  Thus  400-l-iV^4</ 
represents  Stici  N4  of  Bolt  d,  Tree  1,  Shipment  400. 


Compotitioii 
Bolta. 


Schedule  for 
Forming 
Compoaition 
Bolta. 


(C)  Matching  for  Air-dry  Tests, 

19.  In  the  tests  made  to  determine  the  effect  of  air-drying  on 
strength,  the  sticks  from  the  c  bolt  shall  be  interchanged  with  those 
of  the  d  bolt  of  the  same  tree  to  form  two  composition  bolts,  each 
composition  bolt  being  complete  and  being  made  of  equal  portions 
of  c  and  d  bolts.  The  sticks  from  one  of  these  composition  bolts 
shall  be  tested  green  and  those  from  the  other  shall  be  tested  after 
air  drying.  The  sticks  tested  either  green  or  air  dry  shall  be  regarded 
as  if  tiiey  were  from  the  same  bolt. 

20.  The  division  of  green  and  air-dry  sticks  shall  be  made  accord- 
ing to  the  following  schedule  in  which  the  numbers  refer  to  stick 
numbers: 

Composition  Bolt  to  be  Tested  Green, — 

Lower  bolt  c 1  .  4,  5  8,  9 

Upper  bolt  d 2,  3  6,  7  10,  etc 

Composition  Bolt  to  be  Air  Dried  and  Tested, — 

Lower  bolt  c 2,  3  6,  7  10,  etc. 

Upper  bolt  d 1  4,  5  8,  9 


OreMi 
MatMial. 


(Z?)  Disposition  of  Sticks, 

21.  The  sticks  (2 J  by  2 J  in.  by  4  ft.)  to  be  tested  green  shall  be 
kept  in  an  unseasoned  condition  while  awaiting  preparation  for  test 
by  being  stored  in  a  framed  pit  or  other  suitable  container,  where  they 
shall  be  close  piled  and  covered  with  damp  sawdust  or  in  some  other 
suitable  maimer.  As  material  is  required  for  test,  it  shall  be  removed 
from  this  pit,  or  container,  surfaced  on  all  four  sides  to  2-in.  by  2-in. 
in  cross-section,  sawed  to  test  size  and  kept  covered  with  a  damp 
cloth,  in  an  air-tight  container  at  a  temperature  of  about  70°  F.  (as 
nearly  as  practicable)  until  the  time  of  test.  Care  shall  be  taken  to 
avoid  as  much  as  possible  the  storage  of  green  material  in  any  form. 
ft'Vks  to  be  tested  in  a  green  condition  should  usually  not  be  sawed 
from  lie  log  form  in  quantities  greater  than  is  required  to  meet  the 
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testing  demands  for  from  a  few  days  to  not  more  than  two  weeks, 
depending  on  the  prevailing  conditions. 

22.  (a)  The  ends  of  the  sticks  to  be  air  dried  (2j  by  2j  in.  by  ^"J^^li 
4  ft)  shall  be  dipped  in  melted  paraflSn  or  other  substance  suitable  to 
retard  checking.  The  material  shall  be  piled  so  as  to  have  a  space 
of  at  least  J  in.  on  each  side  of  each  stick  to  permit  circulation  of  air. 
The  material  shall  be  stored  in  a  place  allowing  free  access  of  air,  but 
protected  from  simshine,  rain,  snow,  and  moisture  from  the  ground. 
The  sticks  in  drying  shall  not  be  subjected  to  artificial  heat 

(b)  All  of  the  sticks  from  each  composite  bolt  to  be  air  dried 
shall  be  weighed  when  stored  and  at  sufficiently  frequent  intervals 
thereafter  to  get  accurate  data  on  the  progress  of  seasoning.    No 


Fig.  4. — Tangential  Surfaces  of  Bending  Specimens  of  Different  Rates  of  Growth  of 
Jeffrey  Pine  (2  by  2  by  30-in.  Specimens). 

material  shall  be  considered  thoroughly  air  dried  and  properly  con- 
ditioned for  testing  until  practically  constant  weight  has  been  reached. 
(Wood  absorbs  and  gives  off  moisture  with  changing  atmospheric 
conditions,  consequently  it  never  comes  to  absolutely  constant  weight.) 
(c)  When  the  material  has  reached  equilibrium,  moisture  sec- 
tions 1  in.  in  length  shall  be  taken  from  about  10  per  cent  of  the 
sticks  to  determine  the  actual  moisture  content.  These  moisture 
specimens  shall  be  cut  not  less  than  1  ft  from  the  ends  of  the  sticks, 
and  in  such  a  way  as  to  prevent  any  appreciable  loss  of  material  for 
testing.  When  thoroughly  air  dry,  the  material  shall  be  surfaced  on 
four  sides  to  2  in.  by  2  in.  in  cross-section  and  tested. 
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Order  of 
Tests. 


TESTING. 

III.    ORDER,  SELECTION,  AND  NUMBER. 

(A)  Order. 

23.  The  order  of  tests  in  all  cases  shall  be  such  as  to  eliminate 
as  far  as  possible  from  the  comparisons  the  effect  of  changes  in  the 
specimen  due  to  such  factors  as  storage  and  weather  conditions. 


Preference 
in  Selecting 
Specimens. 


Test  Pieces 
from  Bending 
Specimens 
After  Failure. 


Quality  of 

Test 

Material. 


SUtic 
Bending. 


Compression 
ParaUel  to 
Grain. 

Impact 
Bending. 


(B)  Selection. 

24.  In  case  the  material  from  a  given  bolt  should  be  insufficient 
to  furnish  all  the  test  specimens  hereinafter  required,  the  preferential 
order  of  mechanical  tests  to  be  used  in  selecting  specimens  shall  be  as 
follows:  Static  bending,  compression  parallel  to  grain,  impact  bend- 
ing, compression  perpendicular  to  grain,  hardness,  shear  parallel  to 
grain,  tension  perpendicular  to  grain,  cleavage,  and  tension  parallel 
to  grain. 

25.  In  many  cases  where  a  shortage  of  material  exists,  certain 
test  specimens  may  be  taken  from  the  uninjured  portion  of  the  static 
and  impact  bending  specimens  remaimng  after  test,  provided  proper 
care  is  used  in  the  selection. 

26.  Only  clear  straight-grained  material,  free  from  decay  and 
other  defects,  shall  be  used  for  the  tests.  However,  small  knots  and 
other  similar  defects  may  be  admitted  in  such  specimens  as  static 
bending  when  their  location  is  such  that  it  is  certain  they  will  not  in 
any  way  influence  the  failure  or  otherwise  affect  the  strength  of  the 
specimen. 

(C)  Number  of  Tests  for  Each  Bolt. 

27.  One  static  bending  specimen  shall  be  taken  from  each  pair 
of  sticks.  A  pair  consists  of  two  adjacent  sticks  equi-distant  from 
the  pith,  as  W3  and  W4,  Fig.  2.  In  the  composite  bolts  tested  to  afford 
a  comparison  of  the  strength  of  green  and  air-dry  material,  the  pair 
of  sticks  shall  be  constituted  as  above,  except  that  the  sticks  in  this 
case  will  be  from  different  bolts.  Thus  W3d  and  W4c  constitute  one 
pair  of  sticks  to  be  tested  green,  and  W3c  and  W4d  the  corresponding 
pair  to  be  tested  air  dry  (Section  20). 

28.  One  compression-parallel-to-grain  specimen  shall  be  taken 
from  each  stick.  Load-compression  curves  shall  be  taken  on  20  per 
cent  of  the  specimens. 

29.  Eight  impact-bending  specimens  shall  be  taken  from  each 
bolt,  selection  being  made  from  the  sticks  remaining  af^ter  obtaining 
the  static  bending  tests.    Two  of  the  specimens  shall  be  selected  from 
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near  the  pith,  two  from  near  the  periphery,  and  four  which  are  repre- 
sentative of  the  cross-section. 

30.  One  compression-perpendicular-to-grain  specimen  shall  be  S*^™^^^^ 
taken  from  each  of  50  per  cent  of  the  sticks  selected  for  static  bending.  to*SrSn. 

31.  One  hardness  specimen  shall  be  taken  from  each  of  the  other  Hardnett. 
50  per  cent  of  the  static-bending  sticks. 

32.  Eight  shear-parallel-to-grain  specimens  shall  be  selected  from  Shear 
the  unused  portion  or  ends  of  four  sticks  from  which  bending  sped-  q^*  *** 
mens  have  been  selected.     Two  specimens  shall  be  taken  from  near 

the  pith,  two  from  near  the  periphery,  and  four  that  are  representative 
of  the  average  growth  of  the  cross-section  of  the  bolt.  One  of  each 
pair  of  specimens  from  the  same  stick  shall  be  tested  in  radial  shear 
(surface  of  failure  radial)  and  the  other  in  tangential  shear  (surface 
of  failure  tangential). 

33.  Eight  tension-perpendicular-to-grain  specimens  shall  be  se-  Tenrion 
lected  from  four  sticks  in  a  manner  similar  to  that  for  shear  (Section  to^onSn. 
32).     One  of  each  pair  of  specimens  from  the  same  stick  shall  be 
tested  in  radial  tension  (surface  of  failure  radial)  and  the  other  in 
tangential  tension  (surface  of  failure  tangential). 

34.  Eight  cleavage  specimens  shall  be  selected  from  four  sticks  cleavage 

in  a  manner  similar  to  that  for  shear  (Section  32).    One  of  each  pair  ^^^^n.^"*" 
of  specimens  from  the  same  stick  shall  be  tested  in  radial  cleavage 
(surface  of  failure  radial)  and  the  other  in  tangential  cleavage  (surface 
of  failure  tangential). 

35.  Four  tension-parallel-to-grain  specimens  shall  be  chosen  of  Tenaion 
which  one  shall  be  selected  from  near  the  pith,  one  from  near  the  ^J2n.*  *^ 
periphery,  and  two  which  are  representative  of  the  cross-section. 

36.  Six  specific  gravity  and  shrinkage-in- volume  specimens  shall  Specific 

be  selected  from  the  unused  portion  of  bending  or  tension-parallel-to-  sSn&ge  in 
grain  sticks,  selected  so  as  to  give  one  from  near  the  pith,  one  from  Volume, 
near  the  periphery,  and  four  that  are  representative  of  the  average 
growth  of  the  cross-section  of  the  bolt.     These  specimens  shall  be 
selected  only  from  the  sticks  to  be  tested  in  a  green  condition. 

37.  Two  radial  shrinkage  specimens  shall  be  obtained  from  each  Radial 

d  bolt.  They  shall  be  cut  from  the  "sectors"  or  "quadrants"  re-  sJi^nkw. 
maining  after  sawing  (Fig.  2)  or  from  disks  cut  from  near  the  end  of 
the  bolt.  When  a  disk  is  used,  care  must  be  taken  to  see  that  it  is 
green,  and  has  not  been  affected  by  shrinking  and  checking  which  is 
common  near  the  end  of  the  bolt.  The  specimens  shall  not  be  sur- 
faced. Radial  shrinkage  specimens  shall  be  cut  with  their  width  in 
the  radial  direction.  One  shall  be  taken  from  the  heartwood,  and  the 
other  from  near  the  periphery.  When  possible,  the  second  shall  con- 
sist  entirely  of  sapwood. 
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Tangential 
Shrinkage. 


38.  Two  tangential  shrinkage  specimens  shall  be  obtained  from 
each  d  bolt  They  shall  be  selected  at  the  same  time  and  in  a  manner 
similar  to  radial-shrinkage  specimens  (Section  37),  except  the  width 
shall  be  in  a  tangential  direction.  The  specimens  shall  not  be  sur- 
faced. One  shall  be  taken  from  the  heartwood,  the  other  from  near 
the  periphery  and  when  possible  shall  consist  entirely  of  sapwood. 
The  heartwood  and  the  sapwood  specimens  shall  be  taken  adjacent 
to  the  respective  specimens  selected  for  radial  shrinkage. 


Fig.  5. — Diagrammatic'Sketch  of  Method  of  Conducting  Static  Bending  Test. 

IV.    GENERAL  INSTRUCTIONS. 
{A)  Photographs  of  Sticks. 

sticks  to  be  39.  Four  of  the  bending  sticks  from  each  species  shall  be  selected 

Photographed.  fQ^  photographing,  as  follows:  2  average  growth,  1  fast  growth,  and 
1  slow  growth.  These  sticks  shall  be  photographed  in  cross-section 
and  on  the  radial  and  tangential  surfaces.  Fig.  3  is  a  typical  photo- 
graph of  the  cross-section  of  test  specimens  and  Fig.  4  of  the  tangential 
surface  of  bending  specimens. 


(5)  Control  of  Moisture  Content. 

Coatwiof  40.  As  previously  specified  (Section  22)  sticks  for  test  in  the 

****"*       air-dry  condition  shall  be  brought  to  practically  constant  weight 
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before  test.  Tests  shall  then  be  carried  out  in  such  a  manner  that 
large  changes  in  moisture  content  will  not  occur.  (For  instance,  in 
ordinary  heated  rooms  the  relative  humidity  is  usually  below  30 
per  cent.     If  wood  which  has  been  dried  to  practically  constant 


No.8  FJaf-Head 
Wood  Screw,  li''longy 
4  Req'd. 


Block  to  Fit  Opening 
in  Movable  Head  of  -  -> 

TesHng  Macliine  Used—., 


'No.  8  Round  Head 

Wood  ScreWj  1^" 
long.  4  Req'd. 


a      I 


i  ."^f^'-'n  I 


l< 3f" d 

I  I 

Fig.  6. — Details  of  Bearing  Block  for  Bending  Tests. 

weight  under  the  condition  specified  by  Section  22  is  brought  into 
such  a  room,  a  considerable  and  rather  rapid  drying  out  will  occur.) 
To  prevent  such  changes,  the  testing  room  and  rooms  for  the  prepara- 
tion of  test  specimens  should  preferably  have  some  means  of  humidity 
control. 


Digitized  by 


Google 


838   Tentative  Methods  of  Testing'Clear  Timber  Specimens. 

(C)  Record  of  Hearhvood  and  Sapwood* 

Proportioii  ot  41 .  The  estimated  proportion  of  sapwood  present  shall  be  recorded 

Sapwood.       ^^^  ^^^^  ^^^  specimen. 

V.    PROCEDURE. 
(-4)  Static  Bending. 
Siie  of  42.  The  static  bending  tests  shall  be  made  on  nominal  2  by  2 

Speciment. 


1             T 

1 

(a) 

1 1 

(b) 

1               '-^^Er               1 

(c) 

1 

-(d> 

•1 

(e) 

1 

(f) 


Y 


(g)  (h)  (i)  (j)  Ck) 

Fig.  7. — Types  of  Failures:  o  to  /,  Bending;  g  to  k.  Compression  Parallel  to  Grain. 

by  30-in.  specimens.     The  actual  height  and  width  at  the  center, 

and  the  length  shall  be  measured. 
Loading  SiMui         43.  Center  loadmg  and  a  span  length  of  28  in.  shall  be  used.     Both 
and  Supporta.  supporting  knife  edges  shall  be  provided  with  bearing  plates  and 

rollers  having  a  total  thickness  of  approximately  \\  in.  in  order  to 
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bring  the  neutral  plane  of  the  test  specimen  about  2}  in.  from  the 
knife  edges  (Fig.  5.) 

44.  A  bearing  block  of  the  form  and  size  of  that  shown  in  Fig.  6 
shall  be  used  for  applying  the  load. 

45.  The  specimen  shall  be  placed  so  that  the  load  will  be  applied 
through  the  bearing  block  to  the  tangential  (flat-sawn)  surface  nearest 
the  pith. 

46.  The  load  shall  be  applied  continuously  throughout  the  test 
at  a  rate  of  0.10  in.  per  minute. 

47.  (a)  Load-deflection  curves  shall  be  taken  to  or  beyond  the 
maximimi  load  for  all  static  bending  tests.  In  one-third  of  the  tests, 
the  curves  shall  be  continued  to  a  6-in.  deflection,  or  until  the  specimen 
fails  to  support  a  load  of  200  lb. 

(ft)  Deflections  of  the  neutral  plane  at  the  center  of  the  length 
shall  be  taken  with  respect  to  points  in  the  neutral  plane  above  the 
supports. 


Bearing 
Block. 

nacement  of 

Growth 

Rings. 

Rate  of 
Application 
of  Load. 
Load- 
Deflection 
Cnryea. 


J^- 


Fig.  8. — Compre6sion-Parallel-to-Grain  Test  Specimen  Special  Form. 

(c)  Within  the  elastic  limit,  deflection  readings  shall  be  taken  to 
0.0025  in.  After  the  elastic  limit  has  been  reached,  less  refinement  is 
necessary  in  observing  deflections,  and  these  may  then  be  read  directly 
to  the  nearest  0.01  in.  by  means  of  a  wife  stretched  across  a  scale. 
Fig.  5  illustrates  the  method  of  test  and  type  of  deflectiometer  recom- 
mended for  deflections  up  to  1  in. 

(i)  The  load  and  deflection  of  first  failure,  the  maximum  load,  and 
points  of  sudden  change  shall  be  shown  on  the  curve  sheet*  although 
they  may  not  occur  at  one  of  the  regular  load  or  deflection  increments, 

48.  Bending  failures  shall  be  classified  according  to  the  appearance  Description  of 
of  the  fractured  surface  and  according  to  the  manner  in  which  the  '^•^i^'^*- 
failure  develops.    The  fractured  surfaces  may  be  roughly  divided 
into  brash  and  fibrous,  the  term  "brash"  indicating  an  abrupt  failure 

1  See  Pig.  1  of  the  Appendix  for  a  sample  static  bending  data  sheet  form.    Pig.  2  of  the  Appendix 
shows  a  sample  comimtation  data  card. 
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and  the  term  "fibrous"  indicating  a  fracture  showing  splinters.    The 
test  failures  shall  be  classified  and  described  as  follows: 

Simple  tension  (see  Fig.  Id) ; 

Cross  grain^  tension  (see  Fig.  7  J) ; 

The  presence  of  cross  grain  having  a  slope  which  deviates 
more  than  1  in  20  from  the  longitudinal  edges  of  the 
specimen  shall  be  cause  for  culling  the  test. 


Fig.  9. — Diagrammatic  Sketch  of  U.  S.  Forest  Service  Compressometer  and  Method 
of  Conducting  Compression- Parallel- to-Grain  Test. 

Splintering  tension  (see  Fig.  Ic) ; 
Brash  tension  (see  Fig.  id) ; 
Compression  (see  Fig.  le) ; 
Horizontal  shear  (see  Fig.  7/). 


*  The  term  "cross  grain"  shall  be  considered  to  include  all  deviations  of  grain  from  the  direction 
of  the  longitudinal  axis  or  longitudinal  edges  of  the  specimen.  It  should  be  noted  that  spiral  grain  may 
be  present  even  to  a  serious  extent  without  being  evident  from  a  casual  observation. 
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In  case  two  or  more  kinds  of  failures  develop,  all  shall  be  described 
in  the  order  of  their  occurrence;  thus,  compression  followed  by  splin- 
tering tension.    The  failure  shall  be  sketched  on  the  data  sheet. 

49.  The  specimen  shall  be  weighed  after  test  and  a  moisture  weight  and 
section  1  in.  in  length  shall  be  cut  near  the  failure.  Moisture 

°  Content. 

(B)  Compression  Parallel  to  Grain, 

50.  The  compression-parallel-to-grain  tests  shall  be  made  (l)  size  of 
on  nominal  2  by  2  by  8-in.  specimens,  or  (2)  on  specimens  of  the    p®""®°"* 
special  form  shown  in  Fig.  8.     The  actual  cross-section  dimensions, 

or  the  diameter  at  minimum  section,  and  the  length  shall  be  measured. 

51.  The  specimen  with  reduced  cross-section  (Fig.  8)  will  usually  Advantage  of 
require  less  care  preparatory  to  test  in  order  to  prevent  crushing  at  ^*"  ^^^ 
the  ends  than  the  specimen  with  uniform  cross-section  throughout 

the  length. 

52.  Care  shall  be  used  in  preparing  the  compression-parallel-to-  ^^^  Surfaces 
grain  test  specimens  to  make  the  end  surfaces  parallel.  " 

53.  A  spherical  bearing  block  shall  be  used  and  so  adjusted  for  Spherical 
each  test  as  to  obtain  a  uniform  distribution  of  load  over  the  ends    ®*""*^' 
of  the  specimen. 

54.  The  load  shall  be  applied  continuously  throughout  the  test  Rate  of 

at  a  rate  of  0.024  in.  per  minute.  tlld^^''''  °^ 

55.  {a)  Load-compression   curves   shall   be   taken   for   a   6-in.  Load 
central  gage  length'  on  20  per  cent  of  the  specimens.     Load-com-  cu^es!*"**" 
pression  readings  shall  be  continued  until  the  elastic  limit  is  well 

passed,  as  indicated  by  the  curve.*  On  the  other  80  per  cent  of  the 
specimens  the  maximum  load  only  will  be  obtained. 

(ft)  Deformations  shall  be  read  to  0.0005  in. 

(c)  Fig.  9  illustrates  a  type  of  compressometer,  using  a  Johnson 
dial,  which  has  been  found  satisfactory  for  wood  testing. 

56.  In  order  to  obtain  satisfactory  and  miiform  results,  it  is  Position  of 
necessary  that  the  failures  be  made  to  develop  in  the  body  of  the  ^*"*  failures, 
specimen.     With  specimens  of  uniform  cross-section,  this  result  can 

best  be  obtained  when  the  ends  are  at  a  very  slightly  lower  moisture 
content  than  the  body.  With  green  material  it  will  usually  suffice 
to  close-pile  the  specimens,  cover  the  body  with  a  damp  or  wet  cloth 
and  expose  the  ends  for  a  short  time.  For  air-dry  material,  it  may 
sometimes  be  advisable  to  pile  the  specimens  in  a  similar  manner 
and  place  them  in  a  desiccator  should  the  failures  in  test  indicate 
that  a  slight  end  drying  is  necessary. 

^  See  Pig.  4  of  the  Appendix  for  a  sample  compression-parallel-to-grain  data  sheet  fonn.     Fig.  3 
of  the  Appendix  shovn  a  sample  computation  data  card. 
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Descriptioii  of 
Failures. 


Weight  and 

Moisture 

Content. 

Ring  and 
Summer 
Wood 
Measure- 
ment. 


57.  Compression  failures  shall  be  classified  and  described  accord- 
ing to  their  appearance,  as  follows: 

(a)  Crushing. — This  term  shall  be  used  when  the  plane  of  rupture 
is  approximately  horizontal.    See  Fig.  7(g). 

(6)  Wedge  Split— The  direction  of  the  split,  that  is  whether  radial 
or  tangential,  should  be  noted.    See  Fig.  7(A). 

(c)  Shearing. — ^This  term  shall  be  used 
when  the  plane  of  rupture  makes  an  acute  angle 
with  the  axis  of  the  specimen.    See  Fig.  7(0- 

(d)  SpliUing.—See  Fig.  7(i). 

(e)  Compression  and  Shearing  Parallel  to 
Grain. — ^This  failure  usually  occurs  in  cross- 
grained  pieces,  and  should  be  culled  as  a  com- 
pression test.  See  Fig.  l{k).  The  failure  shall 
be  sketched  on  the  data  sheet.  In  addition  the 
location  of  the  failure  shall  be  recorded  along  with 
its  description. 

58.  The  specimen  shall  be  weighed  after 
test  and  a  moisture  section  1  in.  in  length  shall 
be  cut  from  the  body  near  the  failure. 

59.  After  the  moisture  section  has  been 
weighed,  the  number  of  rings  per  inch  and  the 
proportion  of  summer  wood  shall  be  measured 
over  a  representative  inch  of  cross-section.  In 
determining  the  proportion  of  summer  wood, 
it  is  essential  that  the  end  surface  be  prepared  so 
as  to  permit  accurate  summer  wood  measure- 
ment. When  the  fibers  are  broomed  over  at  the 
ends  from  sawing,  a  Ught  sanding,  planing,  or 
similar  treatment  of  the  ends,  is  recommended. 


Size  of 
Specimens. 


Loading  and 
Span. 
Bearing 
Block. 

Placement  of 

Growth 

Rings. 


Fig.  10.— Hatt-Tumer 
Impact  Machine,  Illus- 
trating Method  of  Con- 
ducting Impact  Bend- 
ing Test. 


(C)  Impact  Bending. 
60.  The  impact  bending  tests  shall  be  made 
on  nominal  2  by  2  by  30-in.  specimens.     The 
actual  height  and  width  at   the   center   and   the  length   shall  be 
measured. 

61.  Center  loading  and  a  span  length  of  28  in.  shall  be  used. 

62.  A  metal  tup  of  curvature  corresponding  to  the  bearing  block 
shown  in  Fig.  6  shall  be  used  in  applying  the  load. 

63.  The  specimen  shall  be  placed  so  that  the  load  will  be  applied 
through  the  bearing  block  to  the  tangential  or  flat-sawn  surface 
nearest  the  pith. 
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64.  The  tests  shall  be  made  by  mcrement  drops  in  a  Hatt-Tumer  Method  of 
impact  or  similar  machine.     See  Fig.  10.     The  first  drop  shall  be  ^•■*' 

1  in.,  which  shall  be  increased  by  1-in.  increments  until  a  height  of 
10  in.  is  reached.  A  2-in.  increment  shall  then  be  used  until  complete 
failure  occurs  or  until  a  6-in.  deflection  is  reached. 

65.  A  50-lb.  hammer  shall  be  used  when,  with  drops  up  to  the  3^*  o' 
capacity  of  the  machine  (about  68  in.  for  the  small  Hatt-Tumer 
impact  machine),  it  is  practically  certain  that  complete  failure  or 
a  6-in.  deflection  will  result  for  all  specimens  of  a  species.     For  all 
other  cases  a  100-lb.  hammer  shall  be  used. 


Aftfltoior. 


Scale,  In. 


Fig.  1 1 . — Diagrammatic  Sketch  of  Method  of  Conducting  Compression-Parpendicular- 

to-Grain  Test. 


66.  Graphical  drum  records,*  giving  the  deflection  for  each  drop  Deflection 
and  the  set,  if  any,  shall  be  made  until  first  failure  occurs.    This  record  ^•<^*"- 
shall  also  afford  data  from  which  the  exact  height  of  drop  can  be  scaled 

for  at  least  the  first  four  falls. 

67.  The  height  of  drop  causing  complete  failure,  or  a  6-in.  deflec-  Drop 
tion,  shall  be  observed  for  each  specimen.  SSwSf 

68.  The  failure  shall  be  sketched  on  the  data  sheet*  and  described  Deicriirdonof 
in  accordance  with  the  directions  for  static  bending  under  Section  48.  FaUttre. 


1  See  Pig.  5  of  the  Appendix  for  a  sample  dnim  record. 
•  See  Fig.  7  of  the  Appendix  for  a  sample  impact  bending  data  sheet  form, 
shows  a  sample  computation  data  card. 


Pig.  6  of  the  Appendix 
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Weight  and  69.  The  spedmen  shall  be  weighed  after  the  test  and  a  moisture 

Moisture        section  1  in,  in  length  shall  be  cut  near  the  failure. 

Content.  ^ 


Size  of 
Specimens. 


(23)  Compression  Perpendicular  to  Grain. 

70.  The  compression-perpendicular-to-grain  tests  shall  be  made 
on  nominal  2  by  2  by  6-in.  specimens.  The  actual  height,  width, 
and  length  shall  be  measured. 


Loading. 


Placement  of 
Growth 
Rings. 
Rate  of 


Scale,  in. 
Fig.  12. — Diagrammatic  Sketch  of  Method  of  Conducting  Hardness  Test. 

71.  The  load  shall  be  applied  through  a  metal  bearing  plate  2  in. 
in  width,  placed  across  the  upper  surface  of  the  specimen  at  equal 
distances  from  the  ends  and  at  right  angles  to  the  length.  (See 
Fig.  11.) 

72.  The  specimen  shall  be  placed  so  that  the  load  will  be  applied 
through  the  bearing  plate  to  a  radial  (quarter-sawn)  surface. 

73.  The  load  shall  be  applied  continuously  throughout  the  test 


AppUcation  of  at  a  rate  of  0.024  in.  per  minute. 

Load.  ^ 
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74.  (a)  Load-compression  curves*  shall  be  taken  for  all  specimens  Load- 
up  to  0.1-in.  compression,  after  which  the  test  will  be  discontinued,      coryes!*****" 

(6)  Deflection  readings  shall  be  taken  to  0.001  in. 

75.  The  specimen  shall  be  weighed  after  test  and  a  moisture  Weight  and 
section  1  in.  in  length  shall  be  cut  adjacent  to  the  part  under  load.       content.* 


Scale,  in. 

Fig.  13. — Diagrammatic  Sketch  of  Method  of  Conducting  Shear-Parallel- to-Grain 
Test,  with  Details  of  Test  Specimen. 

(£)  Hardness. 

76.  The  hardness  tests  shall  be  made  on  nominal  2  by  2  by  6-in.  Size  of 
spedmehs.     The  actual  cross-section  dimensions  and  length  shall  be  ^p**^**^"- 
measured. 


>  See^Pig.  8  of  the  Appendix  for  a  sample  compre8tion-perpendictalar-to.grain  data  sheet  fonn. 
Pig.  9  of_the.Appendia  shows  a  sample  oomputation  data  card. 
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Method  of 
Test. 


Number  of 
PenetrationB. 


77.  The  modified  ball  test  with  a  "ball"  0.444  iiK  in  diameter 
shall  be  used  for  determining  hardness.  (See  Fig.  12.)  The  load  at 
which  the  "ball"  has  penetrated  to  one-half  its  diameter  as  indicated 
by  the  tightening  of  the  collar  against  the  spedmen,  shall  be 
observed. 

78.  Two  penetrations  shall  be  made  on  a  tangential  surface, 
two  on  a  radial  surface,  and  two  on  each  end.     The  choice  between 


Scale,  im 


Fig.  14. — Diagrammatic  Sketch  of  Method  of  Conducting  Tension- Perpendicular- to- 
Grain  Test,  with  Details  of  Test  Specimen. 


Weight  and 

Moitture 

Content. 


the  two  radial  and  between  the  two  tangential  surfaces  shall  be  such 
as  to  give  a  fair  average  of  the  piece.  The  penetrations  shall  be  far 
enough  from  the  edge  to  prevent  splitting  or  chipping.^ 

79.  The  specimen  shall  be  weighed  after  test  and  a  moisture 
section  1  in.  in  length  shall  be  cut. 

1  See  Pig.  10  of  the  Appendix  for  a  sample  data  and  computation  card. 
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80.  The  shear-parallel-to-grain  tests  shall  be  made  on  nominal  Size  of 

2  by  2  by  2j-in.  specimens  notched  as  illustrated  in  Fig.  13  to  produce  Spedmene. 
failure  on  a  2  by  2-in.  surface.    The  actual  dimensions  of  the  shearing 
surface  shall  be  measured. 

81.  A  shear  tool  similar  to  that  illustrated  in  Fig.  13,  providing  Method  of 
a  f-in.  offset  between  the  inner  edge  of  the  supporting  surface  and  ^•■*' 


Scale,  in. 


Fig.  15. — Diagrammatic  Sketch  of   Method  of  Conducting  Cleavage  Test,  with 

Details  of  Test  Specimen. 

the  plane  along  which  the  failure  occurs,  shall  be  used.  The  load 
shall  be  applied  and  the  specimen  supported  on  end-grain  surfaces. 
Care  shall  be  taken  in  placing  the  specimen  in  the  shear  tool  to  see 
that  the  cross  bar  is  adjusted  so  that  the  edges  of  the  specimen  are 
vertical  and  the  end  rests  evenly  on  the  support  over  the  contact 
area.    The  maximum  load  only  will  be  observed. 
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Rate  of  82.  The  load  shall  be  applied  continuously  throughout  the  test 

Load^***^°  ®'  at  a  rate  of  0.015  in.  per  minute. 

xegt  ^'^'  '^^^  failure  shall  be  sketched  on  the  data  card.*     In  all  cases 

Failures.        where  the  failure  at  the  base  of  the  specimen  extends  back  onto  the 
supporting  surface,  the  test  shall  be  culled. 


-T-^- 
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Section 
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r_  Section 
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FiG.  16. — Details  of  Tension-Parallel- to-Grain  Test  Specimen. 


Moisture 
Content. 


84.  The  portion  of  the  test  piece  which  is  sheared  oflF  shall  be 
used  as  a  moisture  section. 


(G)  Tension  Perpendicular  to  Grain. 

Size  of  85.  The  tension-perpendicular-to-grain  tests  shall  be  made  on 

Specimena.     specimens  of  the  nominal  size  and  shape  shown  in  Fig.   14.     The 
actual  width  and  length  at  minimum  sections  shall  be  measured. 


*  See  Fig.  11  of  the  Appendix  for  a  sample  tangential-shear  data  sheet  form. 
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86.  The  specimens  shall  be  held  during  test  in  grips  as  shown  Method  of 
in  Fig.  14.    The  maxinmin  load  only  shall  be  observed.  '^••*' 

87.  The  load  shall  be  applied  continuously  throughout  the  test  Rate  of 

at  a  rate  of  0.25  in.  per  minute.  ^ad.''***''''  *"' 

88.  The  failure  shall  be  sketched  on  the  data  card.^  Sketch  of 

89.  One  of  the  pieces  remaining  after  failure,  or  a  section  split  FeUure. 
along  the  surface  of  failure,  shall  be  used  as  a  moisture  specimen.         content.* 

I  (H)  Cleavage. 

,  90.  The  cleavage  tests  shall  be  made  on  specimens  of  the  form  size  of 
and  size  shown  in  Fig.  15.    The  actual  width  and  length  at  minimum  Specimen., 
section  shall  be  measured. 

91.  The  specimens  shall  be  held  during  test  in  grips  as  shown  in  Method  of . 
Fig.  15.    The  maximimi  load  only  shall  be  observed.  ^•■** 

92.  The  load  shall  be  applied  continuously  throughout  the  test  Rate  of 
at  a  rate  of  0.25  in.  per  minute.  Operation, 

93.  The  failure  shall  be  sketched  on  the  data  card.*  llS**^'*  ^^ 

94.  One  of  the  pieces  remaining  after  failure,  or  a  section  split  ^^^^^ 
along  the  surface  of  failure,  shall  be  used  as  a  moisture  specimen.         Content. 

(I)  Tension  Parallel  to  Grain. 

95.  The  tension-parallel-to-grain  tests  shall  be  made  on  specimens  size  of 

of  the  size  and  shape  shown  in  Fig.  16.     The  actual  cross-section  Specimens, 
dimensions  at  minimum  section  shall  be  measured. 

96.  The  specimen  shall  be. held  during  test  by  plates  notched  to  Method  of 
fit  aroimd  the  test  piece  and  under  the  0.25-in.  shoulder  provided  ^••*' 

for  that  puii>ose.     A  spherical  bearing  shall  be  used  on  at  least  one 
end  of  the  specimen.    Maximum  load  only  will  be  observed. 

97.  The  load  shall  be  applied  continuously  throughout  the  test  Rate  of 

at  a  rate  of  0.05  in.  per  minute.  tSS."***'''  ""^ 

|[|    98.  The  failure  shall  be  sketched  on  the  data  sheet.*  Sketch  of 

99.  A  moisture  section  about  3  in,  in  length  shall  be  cut  from  Jj^^^ 
the  minimum  section  near  the  failure.  Content. 

(J)  Specific  Gravity  and  Shrinkage  in  Volume. 

100.  The  specific  gravity  and  shrinkage  in  volume  tests  shall  Size  of 
be  made  on  nominal  2  by  2  by  6-in.  specimens.     The  actual  cross-  Specimens, 
section  dimensions  and  length  ^all  be  measured. 

>  See  Pig.  12  of  the  Appendix  for  a  sample  radial-teoaaon-perpendictilar-to-grain  data  sheet  form. 

*  See  Pig.  13  of  the  Appendix  for  a  sample  radial-cleavage  data  sheet  form. 

*  See  Pig.  14  of  the  Appendix  for  a  sample  tension-parallel-to-grain  data  sheet  form. 
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DeterminA- 
tion  Method. 


101.  (a)  Both  specific  gravity  and  shrinkage-in-volume  deter- 
minations shall  be  obtained  on  the  same  specimen. 

(b)  A  carbon  impression  of  the  end  of  the  green  specimen  shall 
be  made  on  the  back  of  the  data  card.^  In  like  manner,  a  carbon 
impression  of  the  same  end  shall  be  made  after  the  specimen  has  been 
oven  dried.     (See  Paragraph  e.) 


Fig.  17. — Method  of  Conducting  Specific  Gravity  and  Shrinkage-in- Volume  Test. 

(c)  The  specimen  shall  be  weighed  when  green  and  the  volume 
shall  be  determined  by  the  immersion  method. 

(d)  The  green  specimens  after  immersion  shall  be  open-piled 
and  allowed  to  air  season  imder  room  conditions  imtil  approximately 
constant  weight  is  attained. 

*  8m  Pig.  15  of  th«  Appendix  for  a  Munpto  specific  gravity  and  thrinkage-in-voltune  data  cud  fbcm* 
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(e)  The  spedmens  shall  then  be  open-piled  in  an  oven  and  dried 
at  100^  C.  until  constant  weight  is  reached. 

(J)  After  oven  drjdng,  the  specimens  shall  be  weighed,  and  while 
still  warm  shall  be  immersed  in  a  hot  paraffin  bath,  care  being  taken 
to  remove  them  quickly  to  insure  a  thin  coating. 

(g)  The  voliune  of  the  paraffin-coated  specimen  ^all  be  deter- 
mined by  immersion  as  before. 

(A)  Fig.  17  illustrates  the  apparatus  used  in  determining  the 
specific  gravity  and  shrinkage  in  volume. 


Fig.  18. — Method  of  Meastmng  Radial  and  Tangential  Shrinkage. 

(K)  Radial  and  Tangential  Shrinkage. 

102.  The  radial  and  tangential-shrinkage  determinations  shall  size  of 
be  made  on  nominal  1  by  4  by  1-in.  specimens.     The  specimen  shall  sp««^«»« 
be  measured  across  the  (4-in.)  dimension  in  which  the  shrinkage  is 

to  be  determined. 

103.  The  specimen  shall  be  weighed  when  green  and  after  sub-  weight, 
sequent  oven  drying. 

104.  (a)  The  green  specimens  shall  be  open-piled  and  allowed  Drying, 
to  air  season  imder  room  conditions  until  approximately  constant 
weight  is  attained. 

(b)  The  specimens  shall  then  be  open-piled  in  an  oven  and  dried 
at  100*^  C.  imtil  constant  weight  is  attained. 

105.  Final  measurement  shall  be  made  on  the  oven-dry  specimen.*  Final 
Meatiure- 

»  See  Fig.  16  of  the  Appendix  for  a  sample  radial  and  tangential-shrinkage  data  card  form.  ment. 
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Selection. 
Weighing. 
Drying. 


Moitture 
Content. 


Weights. 


Measttre- 
ments. 


Testing 

Machine 

Speeds. 


Csllbration. 


106.  Fig.  18  illustrates  the  method  of  making  the  radial  and 
tangential-shrinkage  measurements.  An  ordinary  micrometer  of 
required  accuracy  is  suitable  for  this  work. 

(L)  Moisture  Determination, 

107.  The  sample  for  moisture  determinations  of  each  test  specimen 
shall  be  selected  as  heretofore  described  for  each  test. 

108.  Immediately  after  obtaining  the  moisture  sample,  all  loose 
splinters  shall  be  removed  and  the  sample  shall  be  weighed. 

109.  The  moisture  samples  shall  be  open-piled  in  an  oven  and 
dried  at  a  temperature  of  100®  C.  imtil  constant  weight  is  attained, 
after  which  the  oven-dry  weight  shall  be  determined. 

1 10.  The  loss  in  weight  expressed  in  percentage  of  the  oven-dry 
weight  as  above  determined  shall  be  considered  the  moisture  content 
of  the  specimen. 

VI.    TOLERANCES. 

{A)  Weights. 

111.  The  weight  of  test  specimens  and  of  moisture  samples  shall 
be  determined  to  an  accuracy  of  not  less  than  0.2  per  cent 

(jB)  Measurements, 

112.  Measurements  of  test  specimens  will  be  made  to  the  nearest 
0.01  in.  except  in  the  case  of  tension  parallel  to  grain,  radial  shrinkage, 
and  tangential  shrinkage,  when  measurements  will  be  taken  to  the 
nearest  0.001  in. 

(C)  Testing  Machine  Speeds. 

113.  In  no  case  shall  the  testing  machine  speed  used  vary  more 
than  25  per  cent  from  that  specified  for  a  given  test.  The  load  shall 
be  applied  continuously,  without  interruption,  at  the  required  speed 
throughout  the  test. 

VII.    CALIBRATION. 

114.  All  apparatus  used  in  obtaining  data  shall  be  calibrated  at 
sufficiently  frequent  intervals  to  insure  accuracy. 
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APPENDIX. 


UUrmttrf  Ih.  JSSIUL 

*«* f/fgr. 


U.  t.  DCPAflTMCNT  OP  AOIIiCULTUIIg 
FOflEST  8ERVI0C 


r  Madhtt, 


nakfnuutmmt 


m^M».A=IIL     miag$..£zJL. 


JMt./(i/^.2#,/9M 


Pig.  1. — Sample  Data  Sheet  for  Static  Bending  Test. 
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STATIC    BENDING 

"(f^'KS'  "x^S"   Station^MADfSON_ DatejMg^.?4r.h 

Sp9net..Jiougia5_Fir,, Grade  .CJ.^.qn. Seatoning..Q.rfNtn 

Sb^t a Sap..Q. S  Summerwood  ..AQ. jf,  Moisture. M. 4... 

SptLn....MIa'. Ungih.J.QMm.,..  Height Z.Q.Un,.... Width. Zfiffm...  Weight.fW.g, 


100  a  I 


r.t.ATK.L.        M.Om.  M.OrE.  MtCAR. 


OM.. 


MIL 


.MW... 


..mo.. 


j.ij$jk.. 


..^S.2. 


...0.^2,. 


7/ 


.20,.?..... 


^F 


Ringt:  Up,\ Mid,  i Law,  \ 

Svm.  wood:  Up.  i Mid.  i Low.  \ 

D^eeta 

Failure  ,...C.Qt73fii».9^Jfjm..£Q//gjxf.ff...t/. 

SpjAn.t9fJ.n$,Sjf.n.si9,ri £ 


msTmauTioN. 


I 

rj5 5 

hi — w 


Pig.  2. — Sample  Computation  Data  Card  for  Static  Bending  Test. 


CQHPRESSION  PARALLEL  TO  GRAIN 


101  toi 
T«i-i;:r-^r     steu^^Madma Date .dyA'.?^.m  v^i^ijr 

SpteUe Usat9!sf.9.^F.LC _ _ Gradt  .QL9.g.r„    SeaeoHing  ..6iyt.if/?. 

RUgM ^ 5^^  ^SP %    Sitmmerwood  ....vffi. ji    MoMurt ^.6. % 

iMftk ll:.QOm'...je, Otat  teetion  .....?.M.in.....  X  ^.^.QU.f. Wtigkt  ...Jf/^JF.^... 


Mnam  Ou«it* 

Mas.  IfA* 

CBwa.  St.  IT  K.  U 

MAt.CaMM.Sr. 

M.  erX. 

UttwU. 

BVATKX. 

AtTMt 

CDr, 

J9.m.. 

M«. 

...!±m. 

mo. 

^.^M 

i^.n. 

IJOfkP.. 

0.0997 



DtfectM  - i 


Pig.  3. — Sample  Computation  Data  Card  for  Compressioa. 
Parallel-to-Grain  Test. 
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■fSLn^ 


a  t.  DVARTMINT  OT  AOMOULTIMB 


nakfnautmmi 


«^*iuLlfiL    m^M^JLJU 


0  0.01        O.OZ        0.05        0.0*       0.05       0.06        0.07        O.OS        Oj09         OIO 

Comprestion,    in. 


Pig.  4. — Sample  Data  Sheet  for  Compreadon-Parallelrto-Grain  Test. 
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Fig.  5. — Sample  Drum  Record  of  Impact  Test. 


'■     (nm'ikk)  '(Mm*)"" 

Sings 5 


IMPACT  BENDING 
statkm    Madison 
Gradt  ...CHner... 


r 


Sap., 


too 


.%    Summtmood  .^„9jSi %    MtUbm  ^^l-.^.. 


Hammer .../?.O.....lbt.  Spam .2,^(0,..  Lngih  ZS^Mm- HtigM S^SAIBx   Width. ZSCLlOs   Wdgkt/Sff,^ 


Fkaan:..^S£Pf.a'H/SfJ..MfjfJXfji^b^..^^^^^ 


Fig.  6.— Sample  Computation  Data  Card  for  Impact-Bending  Test. 
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U.  t.  OC^ARTMCHT  OF  AQRieULTUIIt 
FOflC8T  WRVIOf 


Madisc 


gM0fttti  .lapasfJtioi/in 
'tarl 


34 


flnwy — 


--  32 
-  30 


%« 2te — 


W^im  W  pftHH  w 


28  t 

r. ]: 

•26  i 


I 


•22 


MM*  . 


^Opjn.. 


im^ lS,M.m^ 


•—;?o 


wtigM  .  ,    /?7g  y, 


Itkigt  ft  btck  .^JBi... 


fOQ% 


...^iUL. 


Riiiirg. 


..jSottW.^ 


6^4  X 


-x  IB 

—  16 

—  14 


,..  .Juf.^Jtatgda9^.TtLaMiAa 


'B 
'B 


§m  Auf  26,im 


tU^g^J,zIIL.       9lkkK^±J2^ 


JL 


/ 


nyrcrrrnTT 


■+ 


0         0.05      0.10       0.15       020      0;«ib       0.3Q       0.55 
Square  of  Deflection,  in. 


a- 


^ 


0.40       0.45      0.50 


Fio.  7. — Sample  Data  Sheet Jor  Impact-Bending  Test. 
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U  t.  OC^AJITMCNT  OP  AQtHCULTURg 
P0IIC8T  MRVlOf 


Madit 


t^M        Doughs  r/r 

'  FtrpinSrfWarhi  ^rmh    64  (W 
ftwdt  CI  mar 


'*on  Bm  AuS'20,ni4. 


0.0        001        002       003        004        005       0.06        O07        0.08 
Compression,     in. 

Pig.  8. — Sample  Data  Sheet  Form  for  Compression-Perpendicular-to-Grain  Test. 
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{9U».  ItoL)         (Wck  Ka.) 

_-../ A-Z... 


C0HPEE8SI0N    FERPENDIC17UR     TO  OEAIK 


JOUML 

(Uklte.) 


5/a«oit  Madison       DaujMCf'.?Aj9M. 

Speeiet^^Q.VS^Sf.9...JF:t\r Grade .,Cilf.^.r......  Seasoning .^Orsg/f 

Rings S 5ap (QO ^  Summerwood M %  Moisture ,^§2  J., % 

Width  of  plaU..Z/.rf.'....  Length  .S.OO/a..  Height. ZQO. in. „  Width  ..ZMin.'.  Weight  .M9.  $.'.-. 


8rmn«  Cbatitt 

Lmv  at  R.  L. 

CUM.  8t.  *T  E.  U 

A  +  h 

At  Twi. 

OT.Dty 

0,752 

0.452 

.  J^OQP 

..^99^^ 

Fig.  9. — Sample  Computation  Data  Card  for  Compression- 
Perpendicular-to-Grain  Test. 


HARDNESS 

L-m       ^'fQ. ._  — - 

"ieiiip.  No.)  *     "    (Btlek  No.)  (!*«>.  No.) 

/      ■  dr4     .    5<aa9ii  MAOI80N  DdttSSf^S^^    i^^- 

""(Piiw  No.r~   '      iiiMk.) 
J^Mfc, P.Oy^lgs_Ft> ^. „..    Cf** SlSSff. S^tMint 


JPAJJO.. 


(Pnjoct  No.) 
Green 


Summ«rm»«J — .<?i?. %    MMu 


MIL, 


Ringr S. Sep -TT. 


SnmneOBAVtTT. 

Ramal 
■varACft. 

TA*«nmAL 

SlVACK. 

SffiirACK. 

AtTHi. 

Or.  Dry 

1 

0.622 

M72 

460 

S70 

szs 

2 

620 

460 

500 

3 

510 

4 

510 

Ave, 

490 

SIS 

5U 

Avo.  Rad.  AMD  Tamo _.£(22 

Fig.  10. — Sample  Data  and  Computation  Card  for  Hardness  Tert. 
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,_  £-/f  ^^2?^/?i?.^...  SHEAR 

/ .C-.S.....  station. .,Mm\3m 

(PtoMllo.)  (Jl«k) 

Speeiet .^Ogu^!as,FJs.. Grain ..Cl90.r.„ 

-^ Sap^JS. i    Summerwood  .....10 ^    Moisture  ..JM. .% 


Seatoning  -..^/ftfi7. 


Ringt . 


Bauaim  Abba 

1IAX.LM0 

Tiki 

•uica 

2.02  X  Z.Ot 

...^.k.Q,Q_, 

887 



--I 

Fig.  11. — Sample  Data  and  Computation  Card  for 

Tangential-Shear-Parallel-to-Grain  Test. 

(Stirface  of  failure  tangential.) 


lot  189 


....R. TENSION  PERPENDICULAR  TO  GRAIN 

..4r..3/5 if.-./.?.... 

(lUp.  Mo.)  (flttek  Me.) 

/ .<:.-/?.....    «fltw»„  .MADISON DaitAvg..U-J4    df/k 

(nwaMa.)  (M«rk) 

Speciu. Qqu^las^Flr^ Gnid»,.C!e.qr. 

8 


RiMt*.. 


...^.KfJf.n. 

Sap.M. %    Summervmod ^0 ^    Moisturt...A.4:..?. % 


Htoiit. 

Wi»ra. 

LlKOTH. 

l>»»D. 

Ttniow. 

.     ._._: 

2.01 

^0_^9Z_ 

555 

273 

s 


Fig.  12. — Sample  Data  and  Computation  Card  for  Radial- Tension- 

Perpendicular-to-Grain  Test. 

(Surface  of  faijure  radial.) 
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,   ,^  R. CLEAVAGE 

tfklp.K«^)         (ttiehMo.) 

/ ....^rJ. SUUion  ....MAPISON 

(PlmirO  (Mafk) 


JO/ 177..,.. 
Date .AuS.2.LiM.       -v/^v  V 


Grade  ..QJ.P.a.C. Seasoning  ....^.OH/.a... 

Bings a Sap  ...ZSi. ^    Summerwood  ....S.Q. i    Moisture  ...3A  6 ^ 


^u.^. 

yitvn. 

Lnm. 

Max.  Lmb. 

Load  p«k  Ivca 

Wr'iora. 

2.01 

2.9B 

365 

I6Z 

Pig.  13. — Sample  Data  and  Computation  Card  for  Radial-Cleavage  Test. 
(Surface  of  failure  radial.) 


TENSION      PARALLEL        TO  GRAIN 


..gfiig 

Z.. 


Ji.M::JA:.. 

CM*  HA.) 


(MMk) 

spt6u^..QpMslffn^ELr.^ 


(Ub.  N«.> 

aatoii^.MADI80N Daie.jJka.ZV^ IIL'A 

(ProjMSIKo.) 

Grei*..CL^f.ar...„   SeaM0Mag...6fV.f.f?. 


../<?.. 


SoiP rr. J(    SBmmerwood...^.L... 


Lovra. 

MAZtBVH 

Laab. 

Twnom. 

0,64/     X    0.617 

4670 

11810 

%    Uwsturt.M.'JSi. % 

B 


a 


0=3^ 


Ezn 


Fig.  14. — Sample  Data  and  Computation  Card  for  Tension- 
Parallel-to-Grain  Test. 
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SPECIFIC  GRAVITY  AND  VOLUMETRIC  SHRINKAGE 


imiK  NOJ  UTIOK  N&) 


/ d-S^ 

(MBoi  no)         (mankS 


STATION.  ,^?^.^'^.:...JMg-,JA::M.. 


(las.  MOlJ 

/2£. 

(miNioT  Mo3 


I 09.ml^9..fjJC^. 


NOMINAL  SIZE  W  SPtOIMEN 


.^JjSJiZIff:  X.?/>?-    %  MP fi- 


%tUMMERW00O. 


.^.. 


DATS 

RINQt 
MR 

INOM 

WBIOHT. 
ORAkM 

% 

MOItT 

VOLUMB 

ao. 

•raeirio 

QUAVITV 

WBIOHT. 
LSiL 

pcrcu.pt. 

%?o^ 

•MRIWKA«« 

msBN 

Auq.W.-H 

8 

zsz 

Z3.2 

Z9B 

0.636 

Z9.6 

13.  a 

AINIMY 

KILN  DRV 

OVEN  MY 

^fB^'^S''^ 

190 

343 

0.554 

34,5 

X  BAMD  ON  ORIOINAU  VOLUME  (OREEN.  AIR  DRV.  KILN  DRV) 
NOTE— UtE  BAOK  OP  OARO  POR  CARBON  IMPRIMlONt 


IfTWT. 

2DWT..- 

-VOI 


Fig.  15. — Sample  Data  and  Computation  Card  for  Specific  Gravity 
and  Shrinkage-in- Volume  Test. 


L-3IB 

•MP.  i*tt 

L_ 


SHRINKAGE— RADIAL  AND  TANGENTIAL 


■taCMMO 
d 


STATION"MAOlSOM.  WISCONSIN 


Qoygiaf Fir 


101  200 
fQf  199 


NOMINAL  BlU  OW  BMCIMBM           /  //».   X  4  ttt 

X  tin. 

KMMt 
PCM   IMCM 

%IAP 

XlUM-                       W«TH 

•MM 

X 

u 

RADIAL                                                                              ^ 

GREEN 

Aug.  19-14 

II 

30 

41 

4.006 

43.8 

66.5 

ovEN-wnr 

Oct.  S^H 

Z.BOB 

29.9 

49 

TANOENTIAL 

GREEN 

Aus,  19-14 

IZ 

9S 

34 

4  016 

640 

119. 1 

OVEN-DRY 

Oct  5-14 

3,632 

29.2 

9.5 

X  BASED  ON  GREEN  WHyiH 


Fig.  16. — Sample  Data  and  Computation  Card  for  Radial  and  Tangential- 
Shrinkage  Tests. 
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TENTATIVE  SPECIFICATIONS 

FOR 

ASPHALT  FOR  USE  IN  DAMP-PROOFING  AND   WATER- 
PROOFING BELOW  GROUND  LEVEL.^ 

Serial  Designation:  D  40-22  T. 

This  is  a  Tentative  Standard  only,  published  for  the  purpose  of  eliciting  criti- 
cism and  suggestions.  It  is  not  a  Standard  of  the  Society  and  until  its  adoption  as 
Standard  it  is  subject  to  revision. 

Issued,  1917;  Revised,  1922. 

1 .  These  specifications  cover  asphalt  suitable  for  use  as  a  mopping-  Scope, 
coat  in  damp-proofing,  or  as  a  plying-cement  in  the  construction  of 

a  membrane  system  of  waterproofing  below  ground  level,  under  uni- 
formly moderate  temperature  conditions.* 

2.  The  grade  of  asphalt  covered  in  these  specifications  is  suitable 
for  damp-proofing  and  waterproofing  foundations,  tunnels,  subways, 
etc. 

I.    SAMPLING. 

3.  The  sampling  shall  be  performed  in  accordance  with  the  Sampling. 
Tentative  Method  of  Sampling  Bituminous  Materials  Shipped  in 
Barrels  or  Drums  (Serial  Designation:  D  148  -22  T)  of  the  American 
Society  for  Testing  Materials.' 

II.    PROPERTIES. 

4.  The  asphalt  shall  be  homogeneous  and  free  from  water.     It  Ptopertiet. 
shall  meet  the  following  requirements: 

(a)  Softening  point  by  the  Ring-and-Ball 

method 115  to  US'"  F.  (46.1  to  62.7''  C.) 

(6)  Penetration  at  25"*  C.  (77''  F.),  100  g., 

5  sec 50  to  100 

(c)  Flash  point  (open  cup) not  less  than  347''  F.  (175^  C.) 

(d)  Loss  on  heating  at  163°  C.  (325*"  F.), 

50  g.,  5  hr not  more  than  2  per  cent 

1  Criticisms  of  these  Tentative  Specifications  are  solicited  and  shoidd  be  directed,  preferably  before 
January  1.  1923,  to  Mr.  Provost  Hubbard,  Secretary  of  Committee  D-8  on  Waterproofing  Materials, 
25  W.  Forty-third  St.,  New  York  City. 

•  Such  asphalt  is  not  intended  to  be  heated  above  400^  F.  (204.4**  C.)  during  its  application. 

>  See  p.  890. 
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(c)  Flash  point  (open  cup) not  less  than  400""  F.  (204.4''  C.) 

(d)  Loss  on  heating  at  163°  C.  (325*"  F.), 

50  g.,  5  hr not  more  than  1  percent 

(e)  Penetration  at  25"*  C.  (77°  F.),  100  g., 

5  sec,  of  residue  after  heating  at 
163°  C.  (325°  F.)  as  compared  with 
penetration  of  asphalt  before  heat- 
ing  not  less  than  60  per  cent 

(/)  DuctiUty  at  25°  C.  (77°  F.) not  less  than  3  cm. 

(g)  Insoluble  in  carbon  disulfide not  more  than  5  per  cent 

III.    METHODS  OF  TESTING. 

Methods  of  5.  The  properties  enumerated  in  these  specifications  shall  be 
Testing.  determined  in  accordance  with  the  following  methods  of  test  of  the 
American  Society  for  Testing  Materials,  except  as  specified  in  Para- 
graph (/): 

(a)  Softening  Point:  Standard  Method  of  Test  for  Softening 
Point  of  Bitimiinous  Materials  other  than  Tar  Products  (Ring-and- 
Ball  Method)  (Serial  Designation:  D  36).* 

(6)  Penetration:  Standard  Method  of  Test  for  Penetration  of 
Bituminous  Materials  (Serial  Designation:   D  5).* 

if)  Flash  Point:  Tentative  Method  of  Test  for  Flash  and  Fire 
Points  by  Means  of  Open  Cup  (Serial  Designation:   D  92-21  T).^ 

(d)  Loss  on  Heating:  Standard  Method  of  Test  for  loss  on  Heat- 
ing of  Oil  and  Asphaltic  Compoimds  (Serial  Designation:  D  6).* 

{e)  Ductility:  Tentative  Method  of  Test  for  Ductility  of  Bi- 
tuminous Materials  (Serial  Designation:  D  113-22  T).* 

(/)  Insoluble  in  Carbon  Disulfide:  Method  described  in  BuUetin 
949 J  U.  S.  Department  of  Agriculture,  p.  38. 

»  1921  Book  of  A.S.T.M.  Standards. 

*ProcMdings,  Am.  Soc.  Test.  Mats..  Vol.  21.  p.  651  (1921). 

•  See  p.  807. 
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TENTATIVE  SPECIFICATIONS 

FOR 

ASPHALT   FOR  USE  IN  DAMP-PROOFING  AND  WATER- 
PROOFING  ABOVE  GROUND  LEVEL.^ 

Serial  Designation:  D  144-22  T. 

This  is  a  TentatiTe  Standard  only,  publi£hed  for  the  purpose  of  eliciting  criti- 
cism and  suggestions.  It  is  not  a  Standard  of  the  Society  and  until  its  adoption  as 
Standard  it  is  subject  to  revision. 

IssuBD,  1922. 

1 .  These  specifications  cover  asphalt  suitable  for  use  as  a  mopping-  scope, 
coat  in  damp-proofing,  or  as  a  plying-cement  in  the  construction  of 

a  membrane  system   of   waterproofing  above  ground  level,  where 
not  exposed  to  a  temperature  exceeding  100°  F.  (37.7°  C.).* 

2.  The  grade  of  asphalt  covered  in  these  specifications  is  suitable 
for  damp-proofing  and  waterproofing  railroad  bridges,  tanks,  retain- 
ing walls,  embankments,  culverts,  dams,  conduits,  etc. 

I.    SAMPLING. 

3.  The  sampling  shall  be  performed  in  accordance  with  the  Tenta-  Sampling, 
tive  Method  of  Sampling  Bitimiinous  Materials  Shipped  in  Barrels 

or  Dnuns  (Serial  Designation:  D  148  -  22  T)  of  the  American  Society 
for  Testing  Materials.* 

II.    PROPERTIES. 

4.  The  asphalt  shall  be  homogeneous  and  free  from  water.     It  Properties, 
shall  meet  the  following  requirements: 

(a)  Softening  point  by  the  Ring-and-Ball 

method 150  to  190^  F.  (65.5  to  87.7°  C.) 

(6)  Penetration  at  25°  C.  (77°  F.),  100  g.,  , 

5  sec 30  to  50 

Penetration  at  0°  C.  (32°  F.),  200  g., 

60  sec not  less  than  10 

1  Criticisms  of  these  Tentative  Specifications  are  solicited  and  should  be  directed,  preferably  before 
January  1,  1923,  to  Mr.  Pr6vost  Hubbard,  Secretary  of  Committee  D-8  on  Waterproofing  Materials. 
25  W.  Forty-third  St.,  New  York  City. 

s  Such  asphalt  is  not  intended  to  be  heated  above  450**  P.  (232.2**  C.)  during  its  application. 

•  See  p.  890. 
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868    Tentative  Specifications  for  Primer  for  Waterproofing. 

samples  are  being  introduced.  After  all  the  pint  samples  have  been 
added,  the  contents  of  the  container  shall  be  thoroughly  agitated, 
whereupon  1  qt.  of  the  mixture  shall  immediately  be  transferred  to 
a  clean  quart  can  provided  with  a  tightly  fitting  screw  cap,  which 
shall  be  immediately  fastened  in  place.  This  sample  shall  be  con- 
sidered as  representative  of  the  shipment  and  shall  be  transmitted  to 
the  laboratory  for  examination,  bearing  a  suitable  tag  or  other  means 
of  identification. 

II.    PROPERTIES. 

Asphaitic  4.  The  asphaltic  base  used  in  preparing  the  primer  shall  meet 

Base.  i\^Q  requirements  specified  in  the  Tentative  Specifications  for  Asphalt 

for  Use  in  Damp-proofing  and  Waterproofing  Below  Ground  Level 

(Serial  Designation:  D  40-22  T).i 
Solvent.  5.  The  solvent  used  in  preparing  the  primer  shall  be  a  hydrocarbon 

distillate  having  an  end  point  on  distillation  of  not  above  250**  C. 

(500^  F.),  of  which  not  more  than  20  per  cent  shall  distill  under 

120°  C.  (248*^  F.). 

6.  The  primer  shall  be  free  from  water  and  shall  conform  to  the 

following  requirements: 

(a)  Sediment not  more  than  1  per  cent 

(6)  Asphaltic  base  by  weight 25  to  35       " 

in.    METHODS  OP  TESTING. 

Methods  of         7.  The  properties  enumerated  in  these  specifications  shall  be 
Testing.      determined    in    accordance    with    the    following    methods  of  test 

of  the  American  Society  for  Testing  Materials  except  as  specified  in 

Paragraph  (c): 

(a)  DistiUaiion:  Tentative  Method  of  Test  for  Distillation 
of  Gasoline,  Naphtha,  Kerosene,  and  Similar  Petroleiun  Products 
(Serial  Designation:  D  86-21  T).* 

(6)  Sediment:  Tentative  Method  of  Test  for  Water  and  Sedi- 
ment in  Petroleum  Products,  by  Means  of  Centrifuge  (Serial  Desig- 
nation: D  96-21  T.)» 

(c)  Weight  of  Asphaltic  Base  Present:  The  distillation  method 
contained  in  Technologic  Paper  No.  75,  Bureau  of -Standards,  June  21, 
1916. 

("Determination  of  Volatile  Thinner  in  Oil  Varnish," 
by  E.  W.  Boughton.) 

1  See  p.  863. 

•Pnettdimgt,  Am.  See.  Test.  Mats.,  Vol.  21,  p.  631  (1921). 

•im^  p.  670. 
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TENTATIVE  SPECIFICATIONS 

FOR 

COAL-TAR   PITCH   FOR   USE   IN   DAMP-PROOFING  AND 
WATERPROOFING  BELOW  GROUND  LEVEL.* 

Serial  Designation:  D  42-22  T, 

This  is  a  Tentative  Standard  only,  published  for  the  purpose  of  eliciting  criti- 
cism and  suggestions.  It  is  not  a  Standard  of  the  Society  and  until  its  adoption  as 
Standard  it  is  subject  to  revision. 

Issued,  1917;  Revised,  1922. 

1.  These  specifications  cover  coal-tar  pitch  suitable  for  use  as  a  Scope, 
mopping-coat  in  damp-proofing  or  as  a  plying-cement  in  the  con- 
struction of  a  membrane  system  of  waterproofing  below  ground  level, 
imder  uniformly  moderate  temperature  conditions.* 

2.  The  grade  of  coal-tar  pitch  covered  by  these  specifications  is 
suitable  for  damp-proofing  and  waterproofing  foundations,  tunnels, 
subways,  etc. 

I.    SAMPLING. 

3.  The  sampling  shall  be  performed  in  accordance  with  the  SampUng 
Tentative  Method  of  Sampling  Bituminous  Materials  Shipped  in 
Barrels  or  Drums  (Serial  Designation:  D  148  -  22  T)  of  the  American 
Society  for  Testing  Materials.* 

11.    PROPERTIES. 

4.  The  coal-tar  pitch  shall  be  homogeneous  and  shall  meet  the  Propertier 
following  requirements: 

(a)  Water 0.0  per  cent 

(6)  Specific  gravity  at  25725°  C.  (77777°  F.).  .  ..1.24  to  1.34 
(c)  Softening      Point*      (Cube-in-Water 

Method) 110  to  140°F.  (43.3  to  60.0°  C.) 

id)  Distillation  Test: 

Total  distillate,  by  weight,  O.a  to  300**  C. 

(32  to  572®  P.) not  more  than  12.0  per  cent 

Residue,  by  weight not  less  than  88.0       " 

1  Criticisms  of  these  Tentative  Specifications  are  solicited  and  should  be  directed,  preferably  before 
January  1,  1923.  to  Mr.  Prdvost  Hubbard,  Secretary  of  Committee  D-8  on  Waterproofing  Materials, 
25  W.  Forty-third  St.,  New  York  City. 

>  Such  coal-tar  pitch  is  not  intended  to  be  heated  above  300°  P.  (143.8°  C.)  during  its  application. 

'Seep.  890. 

«  The  softening  point  (Cube-in-Water  Method)  specified  should  have  a  range  of  not  over  10°  P. 
within  the  limits  given  in  Section  4  (c). 
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870         Tentative  Specifications  for  Coal-Tar  Pitch. 

(e)  Specific  gravity  at  25725°  C.  (77777° 

F.)  of  total  distillate  to  300°  C. 

(572°  F.) not  less  than  1.03 

(/)  Ductility  at  25°  C.  (77°  F.) not  less  than  50  cm. 

(g)  Insoluble  in  carbon  disulfide 20  to  35  j>er  cent 

III.    METHODS  OP  TESTING. 

p'eihodsof         5.  The  properties  enumerated  in  these  specifications  shall  be 
Testing.      determined  in  accordance  with  the  following  methods  of  test  of  the 
American  Society  for  Testing  Materials,  except  as  specified  in  Para- 
graph (/): 

(a)  Percentage  of  Water:  Tentative  Method  of  Test  for  Water  in 
Bituminous  Materials  (Serial  Designation:  D  114  -  21  T).* 

(6)  Specific  Gravity:  Tentative  Method  of  Test  for  Specific 
Gravity  of  Road  Oils,  Road  Tars,  Asphalt  Cements  and  Soft  Tar 
Pitches  (Serial  Designation:  D  70-20  T).« 

(c)  Softening  Point:  Standard  Method  of  Test  for  Softening 
Point  of  Tar  Products  (Cube-in- Water  Method)  (Serial  Designation : 
D  61).» 

(d)  Distillation:  Standard  Method  of  Test  for  Distillation  of 
Bituminous  Materials  Suitable  for  Road  Treatment  (Serial  Desig* 
nation:  D  20).' 

(e)  Ductility:  Tentative  Method  of  Test  for  Ductility  of  Bi- 
tmninous  Materials  (Serial  Designation:   D  113-22  T).* 

(/)  Insoluble  in  Carbon  Disulfide:  Method  described  in  Bulletin 
949f  U.  S.  Department  of  Agriculture,  p.  38. 

^Proeudings,  Am.  Soc.  Test.  Mat*.,  Vol.  21.  p.  706  (1921). 

•  Proceedingf,  Am.  Soc  Test.  Mats..  VoL  XX.  Part  I.  p.  764  (1920). 

•  1921  Book  of  A.S.T.M.  Standards. 
«See  p.  807. 
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TENTATIVE  SPECIFICATIONS 

FOR 

COAL-TAR   PITCH   FOR   USE   IN   DAMP-PROOFING   AND 
WATERPROOFING  ABOVE  GROUND  LEVEL.* 

Serial  Designation:  D  145-22  T. 

This  is  a  Tentative  Standard  only,  published  for  the  purpose  of  eliciting  criti- 
cism and  suggestions.  It  is  not  a  Standard  of  the  Society  and  until  its  adoption  as 
Standard  it  is  subject  to  revision. 

Issued,  1922. 

1.  These  specifications  cover  coal-tar  pitch  suitable  for  use  as  a  Scope, 
mopping-coat  in  damp-proofing,  or  as  a  plying-cement  in  the  con- 
struction of  a  membrane  system  of  waterproofing  above  ground  level, 
when  not  exposed  to  a  temperature  exceeding  100°  F.  (37.7°  C.).^ 

2.  The  grade  of  coal-tar  pitch  covered  in  these  specifications  is 
suitable  for  damp-proofing  and  waterproofing  raihoad  bridges,  tanks, 
retaining  walls,  embankments,  culverts,  dams,  conduits,  etc. 

I.    SAMPLING. 

3.  The  sampling  shall  be  performed  in  accordance  with  the  Ten-  Sampling, 
tative  Method  of  Sampling  Bitimiinous  Materials  Shipped  in  Barrels 

or  Drums  (Serial  Designation:  D  148  -  22  T)  of  the  American  Society 
for  Testing  Materials.' 

II.    PROPERTIES. 

4.  The  coal-tar  pitch  shall  be  homogeneous  and  shall  meet  the  Frop^rties. 
following  requirements: 

(a)  Water v 0.0  per  cent 

(b)  Specific  gravity  at  25725*'  C.  (77°  /77°  F.) 1.25  to  1.35 

(c)  Softening      Point        (Cube-in-Water 

Method) 130  to  155°  F.  (54.4  to  68.3°  C.) 

(d)  Distillation  Test: 

Total  distillate,  by  wdght,  0  to  300**  C. 

(32  to  572*  P.) not  more  than  10.0  per  cent 

Residue,  by  weight not  less  than  90.0       " 


1  Criticisms  of  these  Tentative  Specifications  are  solicited  and  should  be  directed,  preferably  before 
January  I,  1923,  to  Mr.  Provost  Hubbard,  Secretary  of  Committee  D-8  on  Waterproofing  Materials. 
25  W.  Forty-third  St.,  New  York  City. 

« Such  coal-tar  pitch  is  not  intended  to  be  heated  above  350®  P.  (176.6*  C.)  during  its  application. 

»  See  p.  890. 

*  The  softening  point  (Cube-in-Water  Method)  should  have  a  range  of  not  over  10*  F.  within  the 
limits  given  in  Section  4  (c). 

(871) 


Digitized  by 


Google 


872         Tentative  Specifications  for  Coal-Tar  Pitch. 

{e)  Specific  gravity  at  25725'' C.  (77777''  F.) 

of  total  distillate  to  300°  C.  (572°  F.) .  .not  less  than  1.03 

(/)  Ductility  at  25°  C.  (77°  F.) not  less  than  15  cm. 

(g)  Insoluble  in  carbon  disulfide 22  to  37  per  cent 

III.    METHODS  OP  TESTING. 

M<;thodgof  5.  The  properties  enumerated  in  these  specifications  shall  be 
Testing.  determined  in  accordance  with  the  following  methods  of  test  of  the 
American  Society  for  Testing  Materials,  except  as  specified  in  Para- 
graph (/): 

(a)  Percentage  of  Water:  Tentative  Method  of  Test  for  Water  in 
Bituminous  Materials  (Serial  Designation:  D  1 14  -  21  T).* 

(6)  Specific  Gravity:  Tentative  Method  of  Test  for  Specific 
Gravity  of  Road  Oils,  Road  Tars,  Asphalt  Cements  and  Soft  Tar 
Pitches  (Serial  Designation:  D  70  -  20  T).« 

(c)  Softening  Point:  Standard  Method  of  Test  for  Softening  Pomt 
of  Tar  Products  (Cube-in-Water  Method)  (Serial Designation:  D  61).* 

(i)  Distillation:  Standard  Method  of  Test  for  Distillation  of 
Bituminous  Materials  Suitable  for  Road  Treatment  (Serial  Desig- 
nation: D  20).» 

{e)  Ductility:  Tentative  Method  of  Test  for  Ductility  of  Bitumin- 
ous Materials  (Serial  Designation:  D  113  -  22  T).* 

(/)  Insoluble  in  Carbon  Disulfide:  Method  described  in  BuUetin 
64S9  U.  S.  Department  of  Agriculture,  p.  38. 

^Proceedings,  Am.  Soc  Teat.  Mats..  Vol.  21,  p.  706  (1921). 

*  Proceedings,  Am.  Soc.  Test.  Mats..  Vol.  XX.  Part  I.  p.  764  (1920). 

•1921  Book  of  A.S.T.M.  Standards. 

«'See  p.  807. 
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TENTATIVE  SPECIFICATIONS 

FOR 

CREOSOTE   OIL  FOR   PRIMING   COAT  WITH   COAL-TAR 

PITCH  IN  DAMP-PROOFING  AND  WATERPROOFING 

BELOW  AND  ABOVE  GROUND  LEVEL.^ 

Serial  Designation:  D  43  -  22  T. 

This  is  a  Tentative  Standard  only,  published  for  the  purpose  of  eliciting  criti- 
cism and  suggestions.  It  is  not  a  Standard  of  the  Society  and  until  its  adoption  as 
Standard  it  is  subject  to  revision. 

Issued,  1917;  Revised,  1922. 

1.  These  specifications  cover  creosote  oil  primer  for  use,  v^hen  scope, 
specified,  with  coal-tar  pitch  in  damp-proofing  and  v^aterproofing 
below  or  above  ground  level,  for  application  to  concrete  and  masonry 
surfaces. 

I.    SAMPLING. 

2.  From  each  shipment  or  portion  thereof  representing  creosote  sampling, 
oil  of  the  same  kind,  a  number  of  packages  shall  be  selected  at  random 
equivalent  to  the  cube  root  of  the  total  number  of  packages  in  the  lot. 

If  the  cube  root  as  calculated  proves  to  be  a  fractional  number, 
it  shall  be  expressed  as  the  next  higher  whole  number.  For  con- 
venience, the  following  table  is  given,  showing  the  number  of  samples 
to  be  selected  for  shipments  of  various  sizes: 

Packages  in  Packages  Packages  in  Packages 

Shipment.  Selected.  Sbipmbnt.  Selected. 

2to      8 2                  217  to    343 7 

9  to    27 3                  344  to    512 8 

28to    64 4                   513to    729 9 

65  to  125 5                   730  to  1000 10 

126to216 6                 1001  to  1331 11 

3.  By  means  of  a  paddle,  the  contents  of  each  package  selected 
shall  be  thoroughly  stirred  so  as  to  bring  all  portions  thereof  into 
uniform  distribution.  With  an  appropriate  sampler,  not  less  than 
1  pt.  of  the  creosote  oil  shall  be  immediately  drawn  out  from  the 
center  of  each  package  and  transferred  to  a  clean  receptacle  of  suit- 

>  Criticisms  of  these  Tentative  Specifications  are  solicited  and  should  be  directed,  preferably  before 
January  1.  1923,  to  Mr.  Pr6vost  Hubbard.  Secretary  of  Committee  D-8  on  Waterproofing  Materials. 
25  W.  Forty-third  St.,  New  York  City. 
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Tentative  Specifications  for  Creosote  Oil. 


able  size,  which  in  turn  shall  be  kept  tightly  covered,  prior  and  im- 
mediately after  said  samples  are  being  introduced.  After  all  the  pmt 
samples  have  been  added,  the  contents  of  the  container  shall  be 
thoroughly  agitated,  whereupon  1  qt.  of  the  mixture  shall  immediately 
be  transferred  to  a  clean  quart  can  provided  with  a  tightly  fitting 
screw  cap,  which  shall  be  immediately  fastened  in  place.  This 
sample  shall  be  considered  as  representative  of  the  shipment  and 
shall  be  transmitted  to  the  laboratory  for  examination,  bearing  a 
suitable  tag  or  other  means  of  identification. 

XL    PROPERTIES. 

Propertieg,  4.  The  creosote  oil  primer  shall  meet  the  following  requirements: 

(a)  Water not  more  than  2  per  cent 

lb)  Consistency  at  38°  C.  (100°  F.) entirely  fluid 

Ic)  Specific  gravity  at  38725°  C.  (100777°  F.) 1.00  to  1.06 

{d)  Insoluble  in  benzol not  more  than   1  per  cent 

(e)  Distillation  Test: 

Total  distillate,  Ity  weight,  under  200"  C. 

(392*  P.) not  more  than    5  per  cent 

Total  distillate,  by  weight,  under  235*  C. 

(455''  P.) not  more  than  50  nor  less  than  30       " 

Residue,  by  weight,  above  355"  C.(67r  F.) . .  not  more  than  15       " 

(/)  Specific  gravity  at  38725°  C.  (100777°  F.) 
of  the  fraction  distilling  between  235  and 
315°  C.   (455  and  599°  F.) not  less   than  1.00 

(g)  Consistency  at  25°  C.  (77°  F.)  of  the  residue soft 

III.    METHODS  OF  TESTING. 

Methods  of         5.  The  properties  enumerated  in  these  specifications  shall  be 
Testing.      determined  in  accordance  with  the  Standard  Methods  of  Sampling 
and  Analysis  of  Creosote  Oil  (Serial  Designation:  D  38)  of  the  Amer- 
ican Society  for  Testing  Materials.^ 

» 1921  Book  of  A.S.T.M.  Standards. 
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TENTATIVE    METHODS    OF    TESTING    FELTED    AND 

WOVEN  FABRICS  SATURATED  WITH  BITUMINOUS 

SUBSTANCES  FOR  USE  IN  WATERPROOFING/ 

Serial  Designation:  D 146 -22  T. 

This  is  a  Tentative  Standard  only,  published  for  the  puxpose  of  eliciting  criti- 
cism and  suggestions.  It  is  not  a  Standard  of  the  Society  and  until  its  adoption  as 
Standard  it  is  subject  to  revision. 

Issued,  1922. 

1.  These  methods  cover  the  examination  of  felted  or   woven  scope, 
fabrics  saturated  (but  not  coated)  with  asphalt  or  coal-tar  products, 

for  use  in  the  "membrane"  system  of  waterproofing. 

I.    SAMPLING. 

2.  From  each  shipment  or  portion  thereof  representing  a  product  sampUng. 
of  the  same  kind,  class  and  weight,  a  number  of  rolls  shall  be  selected 

at  random,  equivalent  to  the  cube  root  of  the  total  number  of  rolls  in 
the  lot.  If  the  cube  root,  as  calculated,  proves  to  be  a  fractional 
number,  it  shall  be  expressed  as  the  next  higher  whole  number.  For 
convenience,  the  following  table  is  given,  showing  the  number  of 
samples  to  be  selected  for  shipments  of  various  sizes: 


Packagxs  in 
Shipmbnt. 

2to    8 

9  to   27 

28  to   64 

Number  of 

Sblbctbd. 

2 

3 

4 

Packages  in 
Shipment. 

1332  to  1728 

1729  to  2197 

2198  to  2744 

2745  to  3375 

3376  to  4096 

numbbji  of 

Selbctkd. 

12 

13 

14 

65  to 

125 

5 

15 

126  to 

216 

6 

16 

217  to 
344  to 

343 

512 

7 

8 

4097  to  4913 

4914  to  5832 

5833  to  6859 

6860  to  8000 

8001  to  9261 

17 

18 

513  to 

729 

9 

19 

730  to  1000 

1001  to  1331 

10 

11 

20 

21 

II.    EXAMINATION  OP  FINISHED  FABRIC. 

3.  The  width  of  each  roll  taken  shall  be  measured  to  the  nearest  width. 
■^  in.    The  minimum,  maximum  and  average  width  so  obtained 
shall  be  reported. 

>  CriticiBma  of  these  Tentative  Methods  are  solicited  and  should  be  directed,  preferably  before 
January  1,  1923,  to  Mr.  Prdvost  Hubbard.  Secretary  of  Committee  D-8  on  Waterproofing  Materials, 
25  W.  Porty-third  St^  New  York  Qty. 
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Gross  Weight 
per  Roll. 

Wrapping  and 

Packing 

Materials. 


Net  Weight 
per  Roll. 


Weight  per 
Unit  Area. 


Area  per  Roll. 


Detached 

Comminuted 

Surfacing. 


4.  Each  roll  taken  shall  be  weighed  intact  to  the  nearest  ^  lb.  and 
the  minimum,  maximum  and  average  gross  weight  shall  be  reported. 

5.  Each  roll  sampled  shall  be  stripped.  All  the  wrappers  and 
packing  material  shall  be  weighed  together  to  the  nearest  i  lb.  and  the 
average  weight  shall  be  reported.  Each  roll  should  be  temporarily 
fastened  with  a  piece  of  light  string  and  handled  carefully,  so  as  not 
to  disturb  any  detached  surfacing  material. 

6.  The  minimum,  maximum  and  average  net  weight  per  roll  shall 
be  calculated  by  subtracting  the  average  weight  of  the  wrapping  and 
packing  material  as  determined  in  Section  5  from  the  average  gross 
weight  as  determined  in  Section  4. 

7.  Each  roll  sampled  shall  be  laid  flat,  the  first  convolution  or  two 
carefully  unwound,  and  with  a  knife  and  straight  edge  the  sheet  shall 
be  cleanly  cut  across  at  right  angles  to  the  edges.  A  section  measuring 
30  in.  in  the  direction  of  the  roll's  length  shall  be  removed.  If  the 
material  is  surfaced' with  sand  or  other  fine  material  any  detached 
particles  belonging  to  each  30-in.  section  should  be  retained.  The 
width  of  each  section  shall  be  measured  to  the  nearest  ^  in.  Each 
section,  together  with  any  detached  surfacing,  shall  be  weighed  to  the 
nearest  gram.  The  weight  in  pounds  per  100  sq.  ft.  shall  be  calculated 
from  the  formula: 

„,  .  ,  .  ,       .  Weight  of  30-in.  section  in  grams 

Weight  per  100  sq.  ft.  =  1.0582  X^!?,     .  ,/.  > Z .     .     ^ 

Width  of  30-m.  section  in  inches 

From  the  resiilts  obtained  for  each  roll  sampled,  the  minimum, 
maximum,  and  average  weight  in  poimds  per  100  sq.  ft.  shall  be 
calculated. 

NoTB. — Aa  a  referee  method  or  in  case  any  dispute  arises  regarding  the  weight 
''per  unit  area,"  the  method  described  in  Section  8  shall  be  foUowed.  From  the 
net  weight  of  each  roU  determined  as  in  Section  6,  the  weight  per  unit  area  may  be 
calculated  as  a  check. 

8.  The  average  area  per  roll  in  square  feet  shall  be  calculated  by 
dividing  the  average  net  weight  per  roll,  as  determined  in  Section  6, 
by  the  average  weight  in  poimds  per  100  sq.  ft.  as  determined  in 
Section  7,  and  multiplying  by  100. 

NoTB. — ^As  a  referee  method  or  in  case  any  dispute  arises  r^arding  the  "area 
per  roU"  as  calculated,  each  roU  sampled  shall  be  unwound  and  the  total  length 
measured  within  }  in.  with  a  steel  tape.  From  the  width  of  each  roU,  as  determined 
in  Section  3,  the  "area  per  roU''  may  be  accurately  calculated  as  a  check  and  the 
minimum,  mairimum  and  average  for  the  shipment  calculated. 

9.  If  the  material  is  surfaced  with  sand  or  other  finely  comminuted 
material,  the  surfacing  shall  be  swept  with  a  moderately  stiff  brush 
from  all  the  30-in.  sections  taken.    All  the  material  thus  removed  shall 
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be  caught  and  weighed  to  the  nearest  ounce.  From  the  aggregate  areas 
of  all  tiie  sections  taken,  the  average  weight  of  detached  comminuted 
surfacing  shall  be  calciQated  in  pounds  per  100  sq.  ft. 

10.  The  thickness  of  each  specimen  shall  be  measured  at  10  Thicknew. 
equally  spaced  points,  1  in.  from  a  cut  edge,  with  a  micrometer  gage 
having  flat  .bearing  surfaces  at  both  contact  points  of  not  less  than 
J  in.  in  diameter  and  preferably  of  the  spring-and-dial  type.    The 


readings  for  each  rolled  sample  shall  be  averaged  and  the  minimum, 
mazimjom  and  average  thickness  calculated  to  the  nearest  0.001  in. 

1 1.  From  each  specimen,  2-in.  strips  shall  be  cut  as  shown  at  A-l  Moisture, 
and  A-B  in  Fig.  1.  The  2-in.  strips  shall  be  cut  into  1-in.  squares. 
About  50  g.,  selected  at  random,  shall  be  accurately  weighed  and 
distilled  with  100  cc.  of  water-saturated  solvent  naphtha  (crude  xylol) 
in  an  apparatus  of  the  form  and  imder  the  conditions  prescribed  in  the 
Tentative  Method  of  Test  for  WaterJinlPetroleum  Products  (Serial 
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Designation:  D  95  -  21  T)  of  the  American  Society  for  Testing 
Materials.*  The  flask  containing  the  xylol  and  sample  shall  be  heated 
in  a  paraflSn  bath  at  a  temperature  of  302  to  338°  F.  (l50  to  170**  C.) 
until  no  further  distillate  passes  over.  The  distillate  shall  be  allowed 
to  stand  in  the  graduated  receiver  or  centrifuged  until  the  water 
separates,  whereupon  the  volume  of  water  shall  be  measured  and  its 
weight  calculated.  From  this,  the  average  percentage  of  moisture  in 
the  fabric,  as  received,  shall  be  calculated. 

strength.  12.  (a)  Fdkd  Fabrics. — ^With  a  photographic  trimmer  having  a 

stop  attached  exactly  1  in.  behind  the  blade,  ten  strips  shall  be  cut  with 
the  fiber  grain,  as  shown  at  B-l  to  B-IO  (Fig.  l)  and  ten  strips  across 
the  fiber  grain  as  shown  at  C-l  to  C-10,  Each  strip  should  measure 
6  in.  and  have  parallel  sides  1  in.  apart  (within  ^  in.)  with  the  edges 
cut  straight  and  clean.  Both  sets  of  strips  shall  be  tested  at  77°  F. 
(25°  C),  using  a  tension  testing  machine  such  as  the  Scott  Strength 
Tester  (Type  F,  100  lb.  capacity),  the  Perkins  Strip  Tester,  or  equal, 
in  which  the  clamps  are  attached  to  swivels  free  to  move  in  any 
direction.  The  test  strips  shall  be  gripped  l|  in.  on  each  end,  leaving 
approximately  3  in.  between  the  damps.  The  tension  shaU  be 
increased  at  a  imiform  speed  of  3  lb.  per  second,  using  a  metronome. 
If  any  strip  breaks  nearer  than  ^  in.  to  either  clamp,  the  reading  shaU 
be  disregarded,  and  an  additional  strip  shall  be  tested  in  its  place. 
The  ten  readings,  with  and  across  the  grain,  respectively,  shall  be 
averaged  for  each  roll  sampled.  From  these  results  the  minimuTn, 
maximum  and  average  strength  with  and  across  the  fiber  grain, 
respectively,  of  the  fabric  as  supplied,  shall  be  calculated. 

(i)  Woven  Fabrics. — ^Woven  fabrics  shall  be  tested  at  77°  F. 
(25°  C.)  in  accordance  with  the  "grab  test"  as  described  in  Section  12 
(6)  of  the  Standard  General  Methods  of  Testing  Cotton  Fabrics 
(Serial  Designation:  D  39)  of  the  American  Society  for  Testing 
Materials.*  (Note. — ^The  percentage  elongation  before  rupture  may 
also  be  recorded.) 

PiiabUity.  13.  With  the  trimmer  described  in  Section  12  (a),  five  6-in.  strq)s 

shall  be  cut  with  the  fiber  grain,  as  shown  at  D-l  to  DS  (Fig.  l)  and 
immersed  in  water  at  77°  F.  (25°  C.)  for  15  minutes.  These  strips 
shall  be  bent  through  180  deg.  at  a  uniform  speed,  in  exactly  2  seconds, 
aroimd  a  pin,  the  diameter  of  which  shall  be  as  follows:  The  first, 
aroimd  a  pin  25  mm.  in  diameter;  the  second,  aroimd  a  pin  20  mm.  in 
diameter;  the  third,  aroimd  a  pin  15  mm.  in  diameter;  the  fourth, 
around  a  pin  10  mm.  in  diameter,  and  the  fifth,  around  a  pin  5  mm. 

^ProutdingSf  Am.  Soe.  Test.  Mats.,  Vol.  21,  p.  666  (1921). 
>  1921  Book  of  A.S.T.M.  Standards. 
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in  diameter.    The  pliability  shall  be  expressed  numerically  from  1 
to  10  as  follows: 

(1)  Cracks  entirely  through  the  sheet  on  the  25-mm.  pin. 

(2)  Cracks  part  way  through  the  sheet  on  the  25-mm.  pin. 

(3)  Cracks  on  the  25-mm.  pin. 

(4)  Cracks  on  the  20-mm.  pin, 

(5)  Cracks  on  the  15-mm.  pin. 

(6)  Cracks  on  the  lO-min.  pin. 

(7)  Cracks  on  the  5-mm.  pin. 

(8)  Cracks  when  bent  through  180  deg.  flat  on  itself. 

(9)  May  be  bent  through  180  deg.  flat  on  itself  in  one  direc- 

tion without  cracking,  but  will  crack  when  bent 
through  360  deg.  in  the  opposite  direction. 

(10)  May  be  bent  through  180  deg.  flat  on  itself  in  one 

direction  and  then  through  360  deg.  flat  on  itself  in 

the  opposite  direction  without  cracking. 
The  readings  for  each  roll  shall  be  averaged  separately,  and  from 
these  results  the  minimum,  maximum  and  average  pliability  of  the  felt 
shall  be  calculated. 

14.  (a)  A  section  18  in.  square  (as  shown  at  £,  Fig.  l)  shall  be  w***' 
cut  from  each  specimen,  weighed,  and  completely  immersed  in  dis-  ^*^''^*^ 
tilled  water  at  77°  F.  (25°  C.)  for  24  hours.    The  specimen  shall  then 

be  removed  and  dried  superficially  by  pressing  lightly  between  two 
towels.  As  the  moisture  enters  through  the  edges  of  the  sheet  more 
rapidly  than  through  the  surfaces,  each  specimen  shall  be  trimmed 
to  exactly  12  in.  square,  representing  four-ninths  of  the  original  area, 
and  reweighed  rapidly.  The  increase  in  weight  shall  be  calculated  on 
the  basis  of  the  original  test  specimen  by  multiplying  by  2j.  The 
percentage  increase  in  weight  represents  the  water  absorption.  The 
minimum,  maximum  and  average  for  the  shipment  shall  be  calculated. 
(6)  Five  strips  shall  be  cut  with  the  fiber  grain  as  shown  zXF  1 
to  F  5  (Fig.  l) ;  five  other  strips  shall  be  cut  across  the  fiber  grain  as 
shown  at  G  i  to  G  5  (Fig.  l)  and  the  strength  shall  be  redetermined  as 
in  Section  12.  The  decrease  in  strength  in  percentage  shall  be 
calculated  after  the  specimen  has  been  subjected  to  water. 

HI.    DESATURATING  THE  FABRIC. 

15.  From  each  roll  sampled,  a  2-in.  strip  (within  ^  in.)  shall  be 
cut  across  the  specimen  as  shown  atff  (Fig.  l).  Each  strip  shall  be 
extracted  with  c  p.  benzol  in  an  extractor  described  in  Section  4  of 
the  Tentative  Methods  of  Testing  Bittmiinous  Mastics,  Grouts  and 
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Like  Mixtures  (Serial  Designation:  D  147-22  T)  of  the  American 
Society  for  Testing  MaterialSi^  the  extraction  being  continued  for  sev- 
eral hours  after  the  drippings  have  become  colorless.  The  desaturated 
fabric  shall  be  remov^  and  heated  in  a  ventilated  oven  at  225^  F. 
(107.1^  C.)>  cooled  in  a  desiccator,  any  adhering  comminuted  surfacing 
being  brushed  off  and  retained,  and  weighed  as  rapidly  as  possible. 
The  heating  shall  be  repeated  until  the  weight  of  the  fabric  remains 
constant  as  determined  by  two  consecutive  weighings  taken  not  less 
than  ten  minutes  apart  which  shall  show  a  further  loss  of  not  more 
than  0.1  per  cent.  This  will  give  the  weight  of  the  fabric  in  the 
moisture-free  state. 

NoTB. — ^The  following  oolorimetric  method  for  detennining  foreign  matter 
adhering  to  the  sWace  of  the  desaturated  felt,  such  as  carbonaceous  matter  derived 
from  a  coal-tar  pitch  saturant,  is  published  by  the  committee,  without  as  yet  having 
been  conclusively  tried  out,  that  the  committee  might  receive  comments  or  criticisms 
from  those  interested. 

16.  (a)  About  15  g.  of  an  unsaturated  fabric  of  the  same  general 
character  as  the  one  imder  examination,  shall  be  macerated  by  boiling 
in  water,  disintegrating  with  a  rotary  egg-beater  and  picking  the  fibers 
apart  with  needles.  The  fibers  shall  be  filtered  through  fine  cloth  and 
dried  at  a  temperature  of  225°  F.  (107. 1  °  C.)  to  constant  weight.  One 
gram  of  the  fibers  shall  be  accurately  weighed  into  a  flask  and  diluted 
to  exactly  100  cc.  with  distilled  water  at  room  temperature.  About 
50  g.  of  glass  beads  shall  be  added  and  the  contents  of  the  flask  shaken 
vigorously  imtil  the  fibers  are  reduced  to  a  homogeneous  pulp  in 
uniform  suspension. 

(b)  A  distilled  coal-tar,  having  approximately  10  to  25  per  cent 
of  insoluble  carbonaceous  matter,  shall  be  procured  and  the  car- 
bonaceous matter  extracted  with  benzol  imtil  it  is  free  from  soluble 
matter;  then  dried  at  a  temperature  of  225°  F.  (107.1°  C.)  to  constant 
weight.  One  gram  of  the  purified  carbonaceous  matter  shall  be 
accurately  weighed  and  diluted  to  exactly  100  cc.  at  room  temperature 
with  a  starch  solution  of  a  consistency  sufficient  to  carry  the  car- 
bonaceous matter  into  temporary  suspension.  (A  12.5-per-cent 
solution  is  recommended.) 

(c)  The  liquid  carrying  the  fibers,  obtained  as  described  in  Para- 
graph (a),  shall  be  titrated  with  the  suspension  of  carbonaceous  matter, 
obtained  as  described  in  Paragraph  (6),  and  from  time  to  time  a  field 
prepared  from  a  drop  of  the  well  agitated  mixture  shall  be  exantiined 
under  a  microscope  at  100  diameters  magnification  until  the  color 
exactly  matches  a  field  prepared  from  the  desaturated  fabric  under 
examination  (obtained  as  described  in  Section  15),  when  both  are 

1  See  p.  884. 
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viewed  side  by  side  under  parallel  conditions.  The  end-point  is 
fairly  sharply  defined.  The  burette  reading  gives  directly  the  per- 
centage of  carbonaceous  matter  adhering  to  the  moisture-free  fabric 
under  examination. 

17.  The  weight  of  bitiuninous  matter  in  the  original  fabric 
represents  the  difference  in  weight  between  the  original  material  and 
the  sum  of  the  weights  of  the  desaturated  fabric  (corrected  for  any 
adhering  foreign  matter,  such  as  carbonaceous  matter)  plus  moisture 
(ascertained  in  Section  ll)plus  any  comminuted  surfacing  present 
(ascertained  in  Section  9,  plus  the  amount  recovered  from  the  surface 
of  the  desaturated  fabric,  plus  the  amount  obtained  on  evaporating 
and  igniting  the  bituminous  extract). 

IV.  EXAMINATION  OF  THE  EXTRACTED  FABRIC. 

{A)  Woven  Cotton  Fabrics. 

18.  Woven  cotton  fabrics  shall  be  tested  in  accordance  with  WovenCotton 
Sections  6  to  11,  inclusive,  of  the  Standard  General  Methods  for  '•'*'*^"- 
Testing  Cotton  Fabrics  (Serial  Designation:  D  39)  of  the  American 

Society  for  Testing  Materials.* 

(5)  Felted  Fabrics. 

19.  The  weight  in  pounds  per  480  sq.  ft.  of  the  desaturated  felt  Weight, 
(corrected  for  any  carbonaceous  matter  present)  for  each  specimen 
examined,  shall  be  calculated  separately  from  the  formulas: 

-Number"  ^ Weight  of  spedmen  in  grams         ^^^^ 

Area  of  specimen  in  square  centimeters 
or 

-Number"-     height  of  specimen  in  grams     ^^^^ 

Area  of  specimen  in  square  inches 

This  represents  the  "mmiber"  of  the  moisture-free  felt  on  the  felt 
makers'  scale.  The  minimum,  maximum  and  average  "ntmiber"  of 
the  felt  in  its  moisture-free  state  shall  be  calculated.  This  may  be 
corrected  to  the  condition  in  which  it  actually  existed  in  the  material 
imder  examination,  by  adding  thereto  the  percentage  of  moisture  as 
determined  in  Section  11. 

20.  A  representative  sample  shall  be  secured  by.  cutting  from  each  Ash. 
strip  of  desaturated  felt  a  piece  about  ^  in.  in  diameter  as  shown  at 
J-i,  J-«,  and  IS  (Fig.  l).    About  25  g.  selected  at  random  from  all 
the  specimens  sampled  in  this  manner  shall  be  accurately  weighed,  and 
incinerated  in  a  weighed  porcelain  or  quartz  crucible  either  over  an 

^  1921  Book  of  A.S.T.M.  Standards. 
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open  flame  or  in  a  mufifle,  until  all  the  carbon  is  consumed.  A  few 
drops  of  ammonium  carbonate  solution  shall  be  added,  the  sample 
ignited  gently,  and  weighed.  The  percentage  of  ash  shall  be  calculated 
on  the  basis  of  the  moisture-free  felt. 

Note. — ^As  a  referee  method,  or  in  case  greater  accuracy  is  desired,  the  three 
portions  taken  from  each  specimen  roU  shall  be  weighed  and  ignited  separately. 
The  minimum,  maximum  and  average  of  ash  present  shall  be  calculated  on  the  basis 
of  the  moisture-free  felt. 

Fibers  21.  (a)  A  representative  sample  shall  be  secured  by  cutting  from 

Present,  ^^^y^  g^j.jp  ^f  desaturated  felt  a  piece  about  J  in.  in  diameter  as  shown  at 
7-i,  J-2y  and  J-3  (Fig.  l).  The  pieces  shall  be  placed  in  a  small 
beaker,  boiled  with  water  and  macerated  until  the  fibers  are  well 
separated  and  reduced  to  a  pulp.  They  shall  then  be  transferred  to  a 
stout  flask.  About  50  g.  of  glass  beads  shall  be  added  and  the  contents 
of  the  flask  shaken  vigorously  until  the  fibers  are  reduced  to  a  homo- 
geneous mass  in  a  uniform  suspension.  A  small  portion  of  the  well- 
mixed  pulp  shall  be  removed  with  a  dropper  or  pipette  and  three  or 
four  drops  shall  be  rapidly  transferred  to  a  microscope  slide.  Ten 
such  slides  shall  be  prepared,  refilling  the  dropper  each  time. 

(b)  The  drops  shall  be  spread  thinly  over  the  microscope  slides 
with  a  needle  so  that  the  fibers  will  be  uniformly  distributed  and  not 
bunched  together.  The  slides  shall  then  be  placed  in  an  air-bath  to 
expel  the  water,  cooled  and  stained  with  a  drop  or  two  of  zinc-chlor- 
iodide  solution. 

Note — The  zinc-chlor-iodide  solution  may  be  prepared  by  dissolving  4  g.  of 
potassium  iodide  and  0.1  g.  of  iodine  in  12  cc.  of  water,  and  then  adding  20  g.  of  zinc 
chloride  and  allowing  the  liquid  to  stand  tmtil  all  undissolved  matter  has  settled  out. 
This  solution  must  be  kept  in  a  dark  place  and  prepared  freshly  from  time  to  time, 
as  it  loses  its  strength.  To  test  out  the  stain,  a  mixture  of  equal  parts  of  rag  filter 
paper,  bleached  soda  pulp  and  bleacher  sulfite  pulp,  shall  be  prepared,  and  tested  as 
directed.  If  the  stain  is  of  the  correct  strength,  the  rag  fibers  will  show  a  wine-red 
color,  the  soda  pulp  a  dark  purple  color,  due  to  the  thicker  and  more  opaque  fiber 
walls,  and  the  sulfite  pulp  a  light  purple  color  due  to  the  thinner  fiber  ^^Us.  If 
the  purple  color  is  more  of  a  violet,  then  too  much  iodine  is  present  and  more  water 
or  zinc  chloride  should  be  added.  Zinc  chloride  intensifies  the  purple  oolor,  iodine 
the  wine-red  and  yellow  colors,  and  water  serves  to  weaken  the  color  that  pre- 
dominates. 

(c)  The  stained  pulp  shall  be  covered  with  roimd  or  square  pieces 
of  thin  glass  approximately  ^  in.  in  diameter,  and  the  excess  of  staining 
solution  shall  be  removed  from  the  edges  with  a  piece  of  filter  paper. 

(d)  The  slides  shall  be  examined  imder  a  microscope  having  a 
magnification  of  about  100  diameters. 
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(e)  The  various  fibers  arc  colored  as  follows: 
Rag  Fibers. — 

Cotton  and  linen  fibers — stained  wine-red. 

Wool  fibers — unstained  by  the  solution. 

Jute  and  manila  fibers — stained  yellowish-brown. 

Paper,  Woody  Straw,  etc..  Fibers. — 

Mechanical  wood  pulp,  sawdust,  straw,  bark,  etc. — 

stained  lemon  yellow. 
Chemical  wood  pulp,  (sulfite  or  soda),  stained  grayish 
purple  to  purple. 

(J)  The  eye  may  be  trained  to  the  colors  and  shapes  of  the  various 
fibers  by  examining  specimens  of  known  composition  imder  similar 
conditions.  In  this  way  the  fibers  may  readily  be  identified  in 
unknown  mixtures  by: 

(1)  The  colors  to  which  they  are  stained. 

(2)  Their  characteristic  sizes  and  shapes. 

(g)  The  fibers  shall  be  counted  in  each  field,  disregarding  any  short 
ends  projecting  into  the  field  or  small  fragments  interspersed  through- 
out it  Small  particles  of  sizing,  clay,  or  mineral  matter  should 
likewise  be  disregarded. 

(A)  Five  fields  shall  be  selected  at  random  on  each  slide  and  the 
fibers  counted  in  each.  A  total  of  50  fields  will  be  thus  examined. 
The  aggregate  mmiber  of  each  variety  of  fiber  covmted  in  all  the  fields 
shall  be-calculated  in  percentage. 

(i)  The  fibers  present  shall  be  reported  in  percentage  based  on 
their  count,  and  should  be  generally  accurate  to  within  5  per  cent, 
depending  upon  the  skill  of  the  operator. 

NoTB  1. — As  the  dimensions  and  specific  gravity  of  the  fibers  have  not  been 
taken  into  consideration,  the  method  is  obviously  inaccurate  to  this  extent.  Spence 
and  Erauss^  have  worked  out  a  set  of  factors  for  expressing  the  results  into  terms 
of  weight,  taking  into  consideration  the  dimensions  and  specific  gravity  of  the 
fibers.    This  method  is  recommended,  although  it  is  somewhat  slow  and  laborious. 

Note  2. — ^As  a  referee  method,  or  in  case  greater  accuracy  is  desired,  a  separate 
microscope  test  shall  be  run  on  the  three  portions  taken  from  each  specimen  roll. 
The  minimum,  maximum  and  average  percoitage  of  the  various  fibers  present  shall 
then  be  calculated. 


^Paper,  Vol.  XX,  No.  11,  p.  11.  May  23.  1917. 
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TENTATIVE  METHODS  OF  TESTING  BITUMINOUS 
MASTICS,  GROUTS  AND  LIKE   MIXTURES.^ 

Serial  Designation:   D 147 -22  T. 

This  is  a  Tentative  Standard  only,  published  for  the  purpose  of  elidtiii^  criti- 
cism and  suggestions.  It  is  not  a  Standard  of  the  Society  and  until  its  adoption  as 
Standard  it  is  subject  to  revision. 

Issued,  1922. 

I.    DEFINITIONS. 

Scope.  1.  These  methods  apply  to  bituminous  mastics,  grouts  and  like 

mixtures,  which  may  be  classified  and  defined  as  follows: 

Bituminous  Grouts. — Mixtures  of  bituminous  binder  and  a  mineral 
aggregate  as  coarse  as  sand  which  become  sufficiently  liquid  when 
heated  to  approximately  300®  F.  to  flow  into  place  without  mechanical 
manipulation,  and  congeal  to  a  dense  mass. 

Bituminous  Mastics. — ^Mixtures  of  bituminous  binder  and  mineral 
aggregate  composed  of  10  to  15  per  cent  of  bitumen  and  graded 
mineral  particles  ranging  in  size  from  dust  to  ]^  in.,  and  which  upon 
being  heated  to  approximately  400®  F.  may  be  poured  into  place, 
requiring  trowelling  for  compression  into  a  dense  mass,  or  pulverized 
natural  bituminous  rock  and  additional  bitimien. 

Mastic  Cake. — Mixtures  of  bitumen  and  fine  mineral  aggregate 
containing  from  12  to  16  per  cent  of  bitumen  by  weight,  25  to  50  per 
cent  of  200-mesh  calcareous  or  siliceous  dust  which  will  pass  a  200-mesh 
sieve,  and  sand. 

II.    PREPARATION  OF  SAMPLES. 

Preparation         2.  (a)  Bituminous  grouts  shall  be  heated  in  an  oven  or  on  a  hot 
amp  68.  pjj^|.g  jjj  ^  pjyj  Qj.  Qtiier  suitable  container  at  the  lowest  possible  tem- 
perature to  prevent  overheating  and  volatilization,  and  when  suffi- 
ciently fluid,  shall  be  thoroughly  stirred  to  insure  a  uniform  sample, 
whereupon  10  to  30  g.  shall  be  taken  for  analysis. 

(b)  Bituminous  mastics  or  mastic  cake  shall  be  warmed  on  a  hot 
plate  or  in  a  hot  oven  until  soft  enought  to  be  broken  up  or  stitred  so 
that  a  representative  sample  for  analysis  may  be  taken.    The  amount 

1  Criticisms  of  these  Tentative  Methods  are  solicited  and  should  be  directed,  preferably  before 
January  1,  1923,  to  Mr.  Pr6vo8t  Hubbard,  Secretary  of  Committee  0-8  on  Waterproofing  Materiali, 
25  W.  Forty-third  St.,  New  York  City. 

(884) 
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taken  for  analysis  wiD  depend  upon  the  amount  of  coarse  gravel  or 
stone  in  the  mixture.  The  larger  the  gravel  or  stone,  the  larger  will 
be  the  sample  required  for  accuracy.  The  size  of  samples  to  be  taken 
shall  be  as  follows:  Where  all  particles  pass  a  10-mesh  sieve,  10  to 
30  g. ;  where  25  per  cent  of  the  aggregate  is  retained  on  a  10-mesh  sieve, 
50  g. ;  where  50  per  cent  of  the  aggregate  is  retanied  on  a  10-mesh  sieve, 
100  g. ;  and  where  75  per  cent  of  the  aggregate  is  retained  on  a  10-mesh 
sieve,  200  g. 

NoTB. — Where  the  properties  of  the  extracted  bituminous  matter  are  to  be 
determined,  it  may  be  necessary  in  certain  cases  to  take  as  much  as  500  g.  for  analysis. 

III.  APPARATUS. 

(A)  For  Analysis  of  10  to  SO-g.  Samples. 

3.  In  cases  where  a  10  to  30-g.  sample  is  suflScient,  the  analysis  Apparatus, 
shall  be  carried  out  by  means  of  the  glass  extractor  described  in  Section  g^mpie^"** 
8  of  the  Tentative  Methods  of  Testing  Rubber  Products  (Serial 
Designation:    D   15-22  T)   of  the  American  Society  for  Testing 
Materials.- 

{B)  For  Analysis  of  60  to  BOO-g.  Samples. 

4.  The  apparatus  for  analysis  of  samples  containing  coarser  aggre-  Apparatus, 
gate  shall  be  the  large  extractor  shown  in  Fig.  1,  consisting  of  a  large  IJmpf^"*' 
brass  cylinder,  through  the  bottom  of  which  projects  a  16-candle- 

power  incandescent  carbon  j&lament  bulb  to  supply  heat  to  the  ex- 
traction apparatus  proper,  which  is  held  in  the  upper  portion  of  the 
cylinder.  This  apparatus  is  composed  of  a  cylindrical  brass  vessel 
for  holding  the  solvent,  a  cylindrical  wire  basket  made  of  80-mesh  wire 
cloth  suspended  in  the  cylinder,  and  an  inverted  conical  condenser 
which  serves  as  a  top. 

IV.  PROCEDURE. 

{A)  Analysis  of  10  to  SO-g.  Samples.^ 

5.  An  ordinary  Whatman  or  S.  and  S.  Filter  Thimble  shall  be  Procedure, 
dried  and  weighed.    The  weighed  sample  shall  be  placed  in  the  thimble 

and  40  to  50  cc.  of  CSj  poured  over  the  sample.  The  thimble  contain- 
ing the  sample  shall  be  suspended  under  the  condenser  by  a  fine  wire 
bail.  The  flask  shall  be  cautiously  heated  by  a  steam-bath  or  electric 
heater  just  enough  to  vaporize  the  solvent  Cold  water  is  circulated 
through  the  condenser.  The  heat  evaporates  the  carbon  disulfide 
in  the  flask.    This  condenses  upon  the  condenser  and  drops  back  upon 

>Seep.947. 

>  This  method  and  the  method  for  analysis  of  larger  samples  are  especially  adapted  for  asphalt 
mastics,  groats  and  mastic  cake.  If  the  binder  is  coal-tar  pitch,  the  "free  carbon'*  constituent  of 
the  binder  will  remain  with  the  mineral  aggregate.  The  committee  has  under  consideration  a  possible 
separate  method  for  analysis  of  coal-tar  mastics. 
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the  sample  through  which  it  filters,  thus  dissolving  out  the  bitumen 
which  collects  in  the  bottom  of  the  flask. 

The  extraction  should  be  discontinued  when  the  CS2  drops  color- 
less from  the  filter.  The  time  of  extraction  will  depend  upon  the  nature 
of  the  bitiunen  and  mineral  aggregate  in  the  sample  and  upon  the 
degree  of  heat  applied,  the  coldness  of  the  water  in  the  condenser  and 
other  factors.  In  some  cases  extraction  may  be  complete  in  one  hour, 
in  others  four  or  five  hours  may  be  necessary. 


ir--^j 11 


SectionC-C. 
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'    Section  B-B. 
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Section  A-A. 


Fig.  1. 


When  the  solvent  comes  through  clear,  the  filter  shall  be  removed 
and  washed  with  a  fine  jet  of  CSj  from  a  washing  bottle  to  wash  out 
any  bitmnen  that  may  be  retained  at  the  top  of  the  paper  and  to  break 
up  any  channels  that  may  have  been  formed  by  the  CSj  passing 
through.  If  the  washings  show  any  color,  the  thimble  shall  be  put  back 
and  extraction  continued  until  the  solvent  again  becomes  colorless.  It 
shall  then  be  removed,  dried  carefully,  at  a  low  temperature  at  first  to 
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prevent  ignition  of  the  absorbed  CSa,  and  finally  to  constant  weight 
at  212®  F.,  cooled  ancl  weighed. 

The  solution  in  the  flask  shall  be  rinsed  into  a  weighed  porcelain 
or  silica  evaporating  dish  or  crucible  and  the  solvent  burned  off  under 
a  hood.  The  residue  shall  be  ignited  over  a  flame  or  in  a  muffle  and 
the  ash  weighed  and  the  weight  added  to  that  of  the  mineral  matter 
in  the  filter  paper.  This  is  to  correct  for  the  fine  mineral  matter 
which  will  be  carried  through  the  paper  by  the  solvent.  Should  there 
be  a  considerable  amotmt  of  ash  recovered  in  this  way,  and  if  it  is 
found  that  the  mineral  matter  is  calcium  or  other  carbonate,  it  shall 
be  recarbonated  by  repeated  treatment  with  ammonium  carbonate 
.  solution  and  finally  ignited  at  a  dull  red  heat.  Ordinarily,  however,  the 
mineral  matter  going  through  the  paper  will  be  so  small  in  amoimt  that 
the  difference  caused  by  ignition  may  be  neglected. 

The  corrected  loss  in  weight  on  the  original  sample  represents  the 
percentage  of  bitumen. 

The  mesh  analysis  of  the  mineral  aggregate  shall  be  made  in 
accordance  with  the  Standard  Method  of  Mechanical  Analysis  of  Sand 
or  Other  Fine  Highway  Material,  except  Fine  Aggregates  Used  in 
Cement  Concrete  (Serial  Designation:  D  7)  of  the  American  Soci- 
ety for  Testing  Materials.^  The  extracted  residue  shall  now  be  trans- 
ferred from  the  thimble  to  the  200-mesh  sieve,  the  paper  being  gently 
rubbed  to  free  adhering  particles. 

The  aggregate  on  the  sieve  shall  be  gently  rubbed  with  the  fingers 
to  break  up  lumps  and  to  free  any  particles  of  fine  dust  that  might 
adhere  to  larger  sand  particles.  The  sieve  shall  be  shaken  over  a  piece 
of  paper  from  side  to  side  with  the  right  hand,  striking  it  sharply 
against  the  palm  of  the  left  hand  until  no  appreciable  amount  of  dust 
comes  through  the  sieve  on  to  the  paper.  The  paper  shall  be  cleared 
from  time  to  time  by  raising  one  side  with  the  left  hand  and  rolling  off 
the  sittings,  so  that  it  can  be  seen  when  the  sifting  is  complete. 

The  material  remaining  on  the  200-mesh  sieve  shall  be  weighed 
and  the  amount  of  200-mesh  material  which  has  passed  through  shall 
be  determined  by  difference. 

This  operation  shall  be  repeated  upon  the  coarser  sieves  in  order 
and  the  amount  passing  each  sieve  and  retained  on  the  next  finer 
recorded  as  percentage  of  the  original  sample. 

(B)  Analysis  of  60  to  BOO-g.  Samples. 

6.  A  large  filter  paper,  12  or  13  in.  in  diameter,  shall  be  fitted 
inside  the  wire  basket  of  the  extractor  by  folding  once  more  than  in 

»  1921  Book  of  A.S.T.M,  Standards. 
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ordinary  filtering,  or  by  wrapping  it  over  a  form  which  fits  inside 
the  basket  (a  cylindrical  bottle  of  proper  size  makes  a  good  form)  and 
placing  it  inside  the  basket 

The  basket  with  contained  filter  paper  shall  be  dried  and 
weighed.  The  sample  shall  be  weighed  and  packed  in  the  filter  paper 
in  the  basket.  Care  should  be  taken  not  to  pack  all  coarse  particles 
in  one  place  and  the  fine  particles  in  another  but  to  have  them  mixed 
together  in  uniform  proportions. 

The  sample  shall  be  covered  with  a  disk  of  felt  or  wad  of  absorbent 
cotton  to  insure  even  distribution  of  the  dropping  solvent,  thus 
preventing  it  from  forming  a  channel  through  the  sample.  The 
basket  shall  be  suspended  in  the  extractor  and  150  to  200  cc.  of  CS» 
poured  over  the  felt  or  cotton.  The  condenser  shall  be  placed  over  the 
top  and  water  circulated  through  it.  Current  shall  be  started  through 
the  electric,  lamp  underneath  the  extractor  and  the  extraction  carried 
on  exactly  as  in  the  smaller  glass  extractor,  but  on  a  larger  scale. 
The  time  for  extraction  will  vary  from  3  to  12  or  more  hours,  depending 
upon  the  nature  of  the  sample. 

To  determine  when  extraction  is  complete,  the  condenser  shall  be 
raised  and  the  basket  lifted  out  to  observe  if  drippings  are  clear.  One 
or  two  drops  caught  upon  white  filter  paper  should  leave  but  a  Kght 
stain. 

The  drying  and  weighing  of  the  basket,  burning  off  of  the  solution 
for  correction,  and  the  sifting  of  the  mineral  aggregate  shall  be  carried 
on  exactly  as  in  the  case  of  the  smaller  sample  as  described  in  Section  5, 
except  that  in  sifting  mineral  aggregates  containing  coarse  stone,  it  is 
well  to  remove  the  stone  by  putting  the  mineral  aggregate  first  through 
a  lO-mesh  sieve,  as  the  large  stone  would  injure  the  200-mesh  sieve. 

The  stone  removed  by  the  10-mesh  sieve  may  be  screened  through 
J-in.,  §-in.,  and  coarser  screens  in  order,  as  described  in  the  Standard 
Method  of  Mechanical  Analysis  of  Broken  Stone  or  Broken  Slag, 
except  Aggregates  used  in  Cement  Concrete  (Serial  Designation: 
D  18)  of  the  American  Society  for  Testing  Materials*  and  the  fine 
material  passing  the  10-mesh  sieve  through  200-mesh  and  coarser 
sieves  in  order,  all  amounts  passing  any  one  screen  or  sieve  and 
retained  on  the  next  finer  one  being  reported  as  percentage  of  the 
original  sample. 

Thus  the  ingredients  of  the  mixture  may  be  roughly  separated  by 
the  use  of  the  proper  sized  sieves,  and  examined  for  physical  and 
chemical  characteristics. 


1  1921  Book  of  A.S.T.M.  SUndards. 
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Note. — The  siftings  passing  the  200-mesh  sieve  will  consist  largely  of  the  dust 
or  pulverized  rock  used  in  the  mixture.  The  material  between  the  100-mesh  and 
10  mesh  will  consist  largely  of  the  sand  used  in  the  mixture,  with  any  particles  of 
fine  crushed  stone  within  these  limits  that  existed  in  the  original  materials.  Gravel 
or  broken  stone  as  a  rule  will  be  larger  than  10  or  8  mesh. 

Carbon  tetrachloride,  benzol,  or  chloroform  may  be  used  instead 
of  carbon  disulfide,  with  the  only  difference  that  in  the  case  of  non- 
inflammable  solvents,  the  solvent  will  have  to  be  evaporated  from  the 
solution  of  bitumen  to  determine  the  ash  for  correction  instead  of 
burning  off  directly.  When  the  solvent  is  expelled,  the  bitumen  cj^i 
be  ignited  ior  ash. 

(C)  Solubility  of  Aggregate  in  Hydrochloric  Acid. 

7.  Where  the  mastic  is  to  be  used  for  acid-proof  floors,  tank 
Unings,  etc.,  pulverized  silica  and  other  materials  insoluble  in  add 
are  used  in  preparing  the  mixture.  The  most  important  chemical 
property,  therefore,  is  solubility  or  insolubility  in  mineral  acids.  This 
determination  may  be  carried  out  in  the  following  manner: 

About  2.5  g.  of  the  dust,  or  of  the  coarser  material,  or  stone  which 
has  been  previously  pulverized  in  a  mortar  shall  be  dried  to  constant 
weight  at  325®  F.  The  loss  will  represent  any  moisture  that  may  have 
been  retained  in  the  material  as  well  as  any  absorbed  solvent  that  may 
not  have  been  expelled  while  drying  the  sample  after  extraction. 

A  1-g.  sample  of  the  dried  material  shall  be  placed  in  a  250-cc. 
beaker,  covered  with  a  watch  glass  and  10  cc.  of  concentrated  c.  p. 
hydrodiloric  acid  added,  diluted  with  SO  cc.  of  distilled  water.  Any 
lumps  shall  be  broken  up  by  means  of  a  glass  stirring  rod.  Any 
effervescence  which  may  occur  shall  be  noted.  If  considerable  effer- 
vescing takes  place,  the  sample  may  be  said  to  be  carbonate.  If  all 
the  sample,  or  practically  all,  dissolves,  the  determination  need  not  be 
carried  farther.  If  apparently  insoluble,  it  shall  be  heated  carefully, 
brought  to  boiUng  for  15  minutes  and  filtered  through  a  tared  Gooch 
filter,  washing  the  insoluble  residue  with  hot  water.  It  shall  be  ignited 
and  weighed  and  the  loss  reported  as  the  percentage  soluble  in  hydro- 
chloric add. 
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TENTATIVE  METHOD  OF  SAMPLING 

BITUMINOUS    MATERIALS    SHIPPED    IN 

BARRELS  OR  DRUMS.^ 

Serial  Designation:  D 148 -22  T. 

This  is  a  Tentative  Standard  only,  published  for  the  purpose  of  eliciting  cxiti> 
dsm  and  suggestions.  It  is  not  a  Standard  of  the  Society  and  until  its  adoption  as 
Standard  it  is  subject  to  revision. 

Issued,  1922. 

1.  This  method  is  intended  for  use  in  sampling  asphalt  or  coal-tar 
pitch,  shipped  in  barrels  or  drums,  for  use  in  damp-proofing  and 
viraterproofing. 

2.  From  each  shipment  or  portion  thereof,  representing  asphalt 
or  coal-tar  pitch  of  the  same  grade,  a  number  of  packages  shall  be 
selected  at  random  equivalent  to  the  cube  root  of  the  total  number  of 
packages  in  the  lot.  If  the  cube  root  as  calculated  proves  to  be  a 
fractional  number,  it  shall  be  expressed  as  the  next  higher  whole 
number.  For  convenience,  the  following  table  is  given,  showing  the 
number  of  samples  to  be  selected  for  shipments  of  various  sizes: 


Sampling. 


Preparation 
of  Sample. 


Packages  in 
Shipmbnt. 

2to      8 

9  to    27 

Packages 
Selsctbd. 

2 

3 

4 

5 

6 

Packages  in 
Shipment. 

217  to    343 

344  to    512 

Packages 
Selbctied. 

7 

8 

28  to    64 

513  to    729 

9 

65  to  125 

126  to  216 

730  to  1000 

1001  to  1331 

10 

11 

3.  By  means  of  an  augur,  or  brace  and  |-in.  bit,  or  other  suitable 
means,  a  J-  to  J-lb.  sample  shall  be  removed  from  the  center  and  from 
two  points  at  least  3  in.  firom  the  top,  bottom  and  side  of  each  package 
selected,  care  being  taken  to  avoid  contamination  with  superficial 
water,  wooden  slivers,  or  other  foreign  matter. 

4.  (a)  The  three  samples  taken  from  each  package  selected  shall 
be  melted  together  over  a  hot  plate,  or  an  oil  or  paraffin  bath,  or  in  an 
air-bath  at  a  temperature  not  exceeding  250°  F.  (121.1°  C).  The  source 
of  heat  shall  then  be  removed,  whereupon  the  well-mixed  asphalt 
or  coal-tar  pitch,  which  shall  be  free  from  air  bubbles,  shall  be  poured 
to  a  depth  of  not  less  than  15  mm.  (f-in.)  into  a  container  of  the  form 

1  Criticisms  of  this  Tentative  Method  are  solicited  and  should  be  directed,  preferably  before 
January  1 ,  1923,  to  Mr.  Provost  Hubbard.  Secretary  of  Committee  D-8  on  Waterinoofing  Materials, 
25  W.  Forty-third  St.,  New  York  City. 
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described  in  Section  2  of  the  Standard  Method  of  Test  for  Penetration 
of  Bituminous  Materials  (Serial  Designation:  D  5)  of  the 
American  Society  for  Testing  Materials.^  A  separate  specimen  shall 
be  thus  prepared  from  each  package  sampled,  each  of  which  shall  be 
used  for  ascertaining  the  softening  point  and  penetration.  The 
minimum,  average  and  maximum  values  thus  obtained  will  serve  to 
disclose  the  imiformity  of  the  shipment,  also  whether  or  not  it  falls 
within  the  limits  prescribed  for  these  tests. 

(ft)  The  remainder  of  the  material  taken  from  each  package, 
while  stiQ  melted,  shall  be  poured  together  and  thoroughly  stirred, 
whereupon  1  lb.  shall  be  transferred  to  a  clean  receptacle,  and  the 
stirring  continued  until  the  asphalt  or  coal-tar  pitch  congeals.  This 
single  specimen  shall  be  used  in  the  case  of  asphalt  for  ascertaining 
the  flash  point,  loss  on  heating,  penetration  after  heating,  ductility 
and  insolubility  in  carbon  disulfide;  and  in  the  case  of  coal-tar  pitch, 
for  ascertaining  water,  specific  gravity,  softening  point,  distillation 
test,  ductility  and  insolubility  in  carbon  disulfide. 
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TENTATIVE  METHODS  OF  TESTING 
INSULATING  VARNISHES.' 

Serial  Designation :   D  1 15  -  22  T. 

This  is  a  Tentative  Standard  only,  published  for  the  purpose  of  eliciting  criti- 
cism and  suggestions.  It  is  not  a  Standard  of  the  Society  and  until  its  adoption  as 
Standard  it  is  subject  to  revision. 

Issued,  1921;  Revised,  1922. 

Material  1.  These  tests  are  intended  for  varnishes  which  are  applied  by 

Covered.  brushing,  dipping  or  spraying,  and  are  primarily  for  the  purpose  of 
providing  electrical  insulation. 

SPECIFIC  GRAVITY. 

speeifle  2.  The  specific  gravity  shall  be  measured  with  a  pyknometer, 

Gravity.  Westijhal  balance  or  with  a  hydrometer  so  graduated  that  the  specific 
gravity  can  be  determined  to  0.001.  The  temperature  of  the  varnish 
shall  be  not  less  than  IS"*  C.  (64.4''  F.)  nor  more  than  22°  C.  (71.6''  F.) 
and  corrected  to  20°  C.  (68°  F.)  by  applying  a  correction  of  0.0007 
per  1°  C.  (0.0004  per  1°  F.). 

VISCOSITY. 

Vleeodty.  3.  (a)  The  viscosity  shall  be  determined  with  a  MacMichael, 

Stormer  plastometer  or  other  suitable  type  of  instrument.  The  short- 
tube  type  of  eflBux  viscosimeter  usually  employed  for  lubricating  oik 
is  not  acceptable.  The  temperature  of  the  varnish  shall  be  20° 
C.  (68°  F.). 

(b)  The  report  shall  include  such  details  as  the  kind  of  instrument 
used,  the  size  of  the  cotmterweight  if  a  Stormer  instrument  is  used, 
or  the  size  of  the  wire  in  case  the  MacMichael  instrument  is  used,  etc. 

FLASH  POINT. 
Procedure  f Of         4.  The  flash  point  shall  be  determined  in  accordance  with  the 
Fiaih  Point.    standardMethodof  Test  for  Flash  Point  of  Volatile  Flammable  Liquids 

IM  >  Criticisms  of  these  Tentative  Methods  are  solicited  and  should  be  directed,  preferably  before 
January  1. 1923,  to  Mr.  H.  S.  Vassar.  Secretary  of  Committee  D-9  on  Electrical  Insolatinc  Materially 
102  River  St..  Newark.  N.  J. 
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(Serial  Designation:  D   56)   of  the  American   Society  for  Testing 
Materials-* 

TIME  OF  DRYING. 

5.  (a)  Specimens  for  this  test  shall  be  pieces  of  thoroughly  Test 
cleaned,  smooth  sheet  copper  or  brass  about  3  cm.  (1.18  in.)  wide  and  8p«c*»«n* 
20  cm.  (7.88  in.)  long  and  about  0.127  mm.  (0.005  in.)  thick. 

(6)  The  specimens  shall  be  dipped  once  in  the  varnish  and  with- 
drawn slowly  and  uniformly  (about  15  in.  (38  cm.)  per  min.).  The 
consistency  of  the  varnish  shall  be  first  so  adjusted  by  trial  that  the 
thickness  of  the  film  of  varnish  on  each  side  of  the  metal  shall  be 
between  0.022  mm.  (0.0009  in.)  and  0.026  mm.  (O.OOl  m.). 

6.  (a)  Specimens  of  air-d^dng  varnish  shall  be  dried  in  free  air  Procedora. 
at  a  room  temperature  of  approximately  20°  C.  (68®  F.). 

(b)  In  the  case  of  baking  varnishes,  six  specimens  shall  be  dipped 
and  allowed  to  drain  at  a  room  temperature  of  approximately  20° 
C.  (68°  F.)  until  the  varnish  is  set  as  indicated  when  the  impression 
left  on  the  surface  by  pressing  lightly  thereon  with  a  finger  will  not 
become  obliterated  by  further  flow  of  the  material.  They  are  then 
to  be  dried  in  free  air  in  an  oven  at  approximately  100°  C.  (212°  F.). 
At  the  end  of  the  first  30  minutes,  and  again  at  the  end  of  each  10- 
minute  period  thereafter,  one  specimen  shall  be  taken  from  the  oven 
and  examined. 

7.  The  varnish  shall  be  considered  dry  when  a  specimen  wiU  not  Time  of 
stick  to  itself  when  folded  and  pressed  together  between  the  thumb  ^W"«- 
and  finger  at  a  temperature  of  approximately  20°  C.  (68°  F.). 

DIELECTRIC  STRENGTH  TEST. 

8.  (a)  Specimens  for  the  dielectric  strength  test  shall  be  prepared  DiQiectric 
by  dipping  pieces  of  thoroughly  cleaned,  smooth  sheet  copper  or  brass  g^*J^^^*** 
about  20  cm.  (7.88  in.)  square  and  about  0.127  nun.  (0.005  in.)  thick    ^ 

into  the  varnish  which  shall  be  at  the  consistency  prescribed  in  Sec- 
tion 5  (6). 

(b)  Each  specimen  shall  be  dipped  four  times  as  specified  in 
Section  5  (6),  once  in  each  direction,  in  order  to  give  a  more  uniform 
thickness  of  coating.  The  specimen  shall  be  dried  after  each  dip  in 
the  same  vertical  position  in  which  it  was  dipped. 

(c)  Specimens  of  air-drying  varnish  shsdl  be  dried  in  free  air  at  a 
room  temperature  of  approximately  20°  C.  (68°  F.)  for  a  period  25 
per  cent  longer  than  that  found  in  Section  7. 

(i)  Specimens  of  baking  varnish  shall  be  drained  and  then  baked 
for  a  period  25  per  cent  greater  than  that  found  in  Section  7. 
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(e)  The  final  thickness  of  the  film  of  varnish  on  each  side  of  the 
specimen  shall  be  between  0.089  mm.  (0.0035  in.)  and  0.102  mm. 
(0.004  in.). 
Procedoro.  9.  (a)  The  dielectric  strength  of  the  two  films  of  varnish  shall 

be  determined  by  applying  alternating  potential  to  two  circular 
metal  disks,  3  cm.  (1.18  in.)  in  diameter  and  with  edges  rotmded  to  a 
radius  of  0.64  cm.  (0.25  in.)  which  are  placed  in  contact  with  the  two 
sides  of  the  specimen  directly  opposite  each  other  and  under  a  pressure 
joi  approximately  0.5  kg.  (l.l  lb.).  The  potential  shall  be  applied  at  a 
low  value  and  gradually  raised  at  a  rate  such  that  puncture  will  occur 
in  about  ten  to  fifteen  seconds.  Ten  such  punctures  are  to  be  made 
at  various  points  selected  at  random  on  each  specimen.  In  each  test 
the  thickness  of  the  films  of  varnish  is  to  be  determined  as  dose  to 
the  point  of  pimcture  as  practicable. 

(b)  The  frequency  of  the  test  potential  shall  be  not  greater  than 
100  cycles  per  second,  and  each  part  of  the  testing  apparatus  shall 
have  a  continuous  rating  of  not  less  than  2  kva.  (preferably  larger). 
The  wave  form  shall  be  a  sine  curve  as  defined,  and  the  voltage  shall 
be  measured  by  methods  approved  by  the  American  Institute  of 
Electrical  Engineers.^ 

(c)  The  voltage  may  be  controlled  by  any  approved  method 
which  does  not  distort  the  wave  form  beyond  the  limits  prescribed 
above  and  which  does  not  subdivide  the  voltage  in  steps  greater  than 
500  volts.  The  apparatus  shall  comply  with  the  Standardization 
Rules  of  the  American  Institute  of  Electrical  Engineers.^ 

5*J>j*22*  ^^-  '^^  volts  at  pimcture,  the  net  thickness  of  insulation  and 

the  volts  per  nul  of  net  thickness  shall  be  reported  for  each  of  the  ten 
tests  together  with  the  average  maximum  amd  minimum  volts  per  mil. 


WATER  absorption  TEST. 


Proce4«r«« 


11.  Specimens  similar  to  those  described  in  Section  8  shall  be 
immersed  in  water  at  a  room  temperature  of  approximately  20^  C. 
(68®  F.)  for  a  period  of  24  hours.  Upon  removal  from  the  water,  the 
surface  water  shall  be  wiped  off  and  dielectric  strength  tests  made 
immediately  as  described  in  Section  9. 
8«reo^?  12.  The  volts  at  pimcture,  the  net  thickness  of  the  insulation 

and  the  volts  per  mil  of  net  thickness  shall  be  reported  for  each  of  the 
ten  tests,  together  with  the  average,  maximum  and  minimum  volts 
per  mil. 
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HEAT  ENDURANCE  TEST. 

13.  For  the  heat  endurance  test,  specimens  shall  be  prepared  Test 

as  in  Section  8.    After  removing  not  less  than  1.27  cm.  (0.5  in.)  from  "^p^^^^*^*^ 
one  edge  of  the  specimens,  the  required  number  of  strips  shall  be  cut 
from  the  same  edge,  each  1.9  cm.  (0.75  in.)  in  width. 

14.  (a)  After  setting  as  shown  by  the  test  indicated  in  Section  6  Proce^w*. 
(6),  the  strips  referred  to  in  Section  13  shall  be  placed  in  a  imiformly 
heated  oven  in  which  the  temperature  is  maintained  at  100°  C.  (212® 

F.)  within  =*=  5°  C.  (9*^  F.).  A  strip  shall  be  removed  at  the  end  of 
1,  2,  4,  8  and  24  hours  respectively  and  every  24  hours  thereafter. 
These,  together  with  the  initial  strip,  shall  be  tested  as  follows  at  a 
room  temperature  of  approximately  20®  C.  (68®  F.). 

(b)  Each  specimen  shall  be  bent  through  180  deg.  over  rods  of 
0.64  cm.  (i  in.),  0.48  cm.  {^  in.)  and  0.32  cm.  (|  in.)  diameters 
respectively,  beginning  with  the  largest  and  using  eadi  time  a  part  of 
the  specimen  which  has  not  been  previously  bent.  The  diameter 
of  the  rod  at  which  the  first  crack  in  the  insulation  occurs  shall  be 
noted  and  reported. 

ACID  AND  ALKALI  PROOF  TEST. 

15.  The  specimens  to  be  used  for  the  test  for  add  and  alkali  Test 
proof ness  shall  be  brass  rods  1.5  cm.  (0.59  in.)  in  diameter,  15  cm.  s****""*"** 
(5.90  in.)  long  and  carefully  roimded  at  one  end  to  a  radius  of  0.75  cm. 

(0.295  in.).  These  specimens  skaJl  be  dipped  three  times  into  the 
varnish,  leaving  exposed  about  3  cm.  (1.18  in.)  of  the  rod  at  the  end 
opposite  the  rounded  end.  Each  coat  shall  be  dried  25  per  cent 
longer  than  the  period  determined  in  Section  7.  Three  specimens 
each  shall  be  prepared  for  the  acid  and  alkali  solutions. 

16.  (a)  The  three  specimens  shall  be  suspended  in  the  acid  or  Procadsn. 
alkali  whose  effect  it  is  desired  to  determine  to  within  3  cm.  (1.18  in.) 

of  the  end  of  the  coated  portion  of  the  rod  and  suitable  provision  made 
for  detecting  the  change  in  the  electrical  resistance  between  the  rod 
and  the  solution.      (Note  1.) 

(b)  It  is  recommended  that  these  tests  be  made  in  lO-per-cent 
solutions  as  follows: 

Sulfuric  add  of  sp.  gr.  1.069  at  60"*  F.  (15.5*^  C.)  or  nitric  acid 
of  sp.  gr.  1.056  at  60°  F.  (15.5*")  C.)  or  hydrochloric  add  of  sp.  gr. 
1.050  at  60"*  F.  (15.5^*  C.)  and  sodium  hydroxide  of  sp.  gr.  1.115 
at  60*^  F.  (15.5"*  C). 

(c)  The  temperature  of  the  solution  shall  be  kept  at  approxi- 
mately 20°  C.  (68°  F.). 
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Note  1.  A  simple  method  is  to  comiect  a  voltmeter  between  each  xod  in  torn 
and  one  side  of  a  110-volt  direct  current  circuit,  the  other  side  of  the  circuit  being 
connected  to  the  solution  through  any  piece  of  suitable  metat  suspended  in  the  solu- 
tion. The  resistance  will  be  inversely  proportional  to  the  deflection  of  the  voltmeier 
pointer,  that  is,  the  smaller  the  deflection,  the  greater  the  resistance.  Failure  of  the 
material  will,  therefore,  be  indicated  by  a  sudden  increase  in  the  deflection  of  the 
voltmeter  pointer. 

Add  and  17.  The  resistance  between  each  rod  and  the  solution  shall  be 

Proofness.  measured  once  per  day  and  the  number  of  days  elapsing  before  break- 
down occurs  shall  be  taken  as  the  "proofness"  of  the  varnish. 


OU  Test 
Spedmon. 


Procedure. 


OIL  TEST. 

18.  For  the  test  for  the  effect  of  oil,  pieces  cut  from  the  specimens 
prepared  for  the  dielectric  strength  test  (Section  8)  may  be  used 
after  they  have  been  punctured  and  measured. 

19.  The  effect  of  oil  on  the  varnish  shall  be  determined  by  immers- 
ing the  specimens  in  transformer  oil  at  a  temperature  of  100°  C. 
(212°  F.)  for  48  hours  and  noting  the  effect  on  the'vamish  as  indicated, 
for  example,  by  wiping  with  a  piece  of  dry  white  doth. 
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TENTATIVE  METHOD   OF  TEST 

FOR 

MOMENTARY  DIELECTRIC  STRENGTH  OF  SHEET 
INSULATING  MATERIALS." 

Serial  Designation:  D  149-22  T. 

This  is  a  Tentative  Standard  only,  published  for  the  purpose  of  eliciting  criti- 
cism and  suggestions.  It  is  not  a  Standard  of  the  Society  and  until  its  adoption  as 
Standard  it  is  subject  to  revision. 

Issued,  1922. 

1.  This  test  is  intended  to  determine  the  dielectric  strength  of 
sheet  materials  for  electrical  insulation,  under  voltage  stresses  of  short 
duration.  It  should  not  be  considered  as  indicating  the  permanent 
dielectric  strength  of  the  material,  as  breakdown  will  take  place  at  a 
lower  voltage  when  applied  for  a  greater  length  of  time. 

I.    APPARATUS. 

2.  (a)  Any  well  designed,  high  tension  transformer  connected  to  mgh  Voltage 
an  alternating  current  supply,  having  as  nearly  a  true  sine  wave  as  Transformer, 
possible,  may  be  used.    The  transformer  and  the  source  of  supply  of 

energy  shall  be  not  less  than  2  kva.  for  voltages  of  50,000  volts  or  less, 
and  not  less  than  5  kva.  for  voltages  above  50,000  volts.  The  fre- 
quency shall  not  exceed  100  cycles  per  second. 

(b)  Regulation  shall  be  so  controlled  that  the  high  tension  testing 
voltage  taken  from  the  secondary  of  the  testing  transformer  can  be 
raised  gradually  from  any  point  and  in  no  case  more  than  500  volts  at 
a  step.  The  control  may  be  made  by  generator  field  regulation,  with 
an  induction  regulator,  or  with  a  variable  ratio  auto  transformer. 
Any  method  of  regulating  the  voltage  is  satisfactory  which  does  not 
distort  the  wave  more  than  10  per  cent  from  a  sinusoidal  shape. 

(c)  The  voltage  may  be  measured  by  any  approved  method  which 
gives  root-mean-square  values,  preferably  by  means  of  a  voltmeter 
connected  to  a  special  voltmeter  coil  in  the  high  tension  winding  of  the 
testing  transformer,  or  to  a  separate  step-down  instnmient  potential 
transformer.  A  voltmeter  on  the  low  tension  side  of  the  transformer 
is  satisfactory,  if  the  ratio  of  transformation  does  not  change  under 

>  Criticisms  of  this  Tentative  Method  are  solicited  and  should  be  directed,  preferably  before 
January  1.  1923.  to  Mr.  H.  S.  Vassar,  Secretary  of  Committee  D-9  on  Electrical  Insulating 
MateriaU.  102  River  St..  Newark,  N.  J. 
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any  test  condition.  An  electrostatic  voltmeter  properly  calibrated 
in  the  high  tension  circuit  is  also  satisfactory.  A  spark  gap  may  be 
used  to  check  the  readings  at  very  high  potentials. 

(d)  Some  protection  is  desirable  in  the  high  tension  circuit  of 
testing  transformers  where  the  potential  is  25,000  volts  or  over,  to 
prevent  dangerous  surges  and  limit  the  current  when  the  test  specimen 
is  punctured.  It  is,  however,  desirable  to  have  as  much  energy  avail- 
able as  possible  when  puncture  occurs.  If  impedance  in  the  form  of 
choke  coils  is  used  in  series  with  the  high  tension  terminals,  it  should 
not  be  greater  than  that  which  will  Umit  the  high  tension  current  to 
double  the  normal  rated  current  of  the  testing  transformer. 

When  a  spark  gap  is  used,  a  non-inductive  resistance  of  about 
one  ohm  per  volt  should  be  inserted  in  series  with  one  terminal  of  the 
spark  gap,  to  damp  high  frequency  oscillations  at  the  time  of  break- 
down and  limit  the  current  flow.  This  resistance  shall  be  as  near  the 
gap  as  possible.  If  the  test  is  made  with  one  side  grounded,  this 
resistance  shall  be  on  the  ungrounded  side  of  the  circuit,  and  if  neither 
side  is  grounded,  the  resistance  shall  be  inserted  one-half  on  each  side 
of  the  spark  gap.  Water  tube  resistors  are  preferable  to  carbon  for 
this  purpose,  as  carbon  resistance  may  be  materially  decreased  by  the 
passage  of  current. 

(e)  The  apparatus  used  and  the  method  of  measuring  the  voltage 
shall  meet  the  requirements  of  the  standardization  rules  of  the  Amer- 
ican Institute  of  Electrical  Engineers. 

Eiectrodea.  3.  The  electrodes  shall  be  of  brass  or  copper  and  1  in.  (25.4  mm.) 

thick  and  2  in.  (50.8  mm.)  in  diameter.  The  edges  shall  be  rounded  to 
a  radius  of  J  in.  (6.35  mm.).  The  contact  surfaces  shall  be  flat  and 
polished. 

II.    TEST  SPECIMENS. 

Teit  4.  (a)  The  test  specimens  may  be  of  any  convenient  size,  but 

Sp«eimeiii.     ^^ie  total  area  of  the  specimens  of  one  sample  of  material  shall  be 

suflScient  to  permit  making  at  least  ten  satisfactory  tests. 

(b)  The  specimens  shall  be  representative  of  the  material  to  be 

tested,  care  being  taken  to  select  material  which  is  free  from  abnormal 

defects  such  as  blisters,  wrinkles,  cracks,  etc. 

III.     PROCEDURE. 

Snrrouiidiiif  ^'  The  tests  shall  be  made  in  air  with  the  specimen  at  room 

MediiiiB.        temperature. 

Condition  of  6.  The  testing  electrodes  shall  be  kept  clean  and  polished. 

Sloctrodot. 
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7.  The  electrodes  shall  be  self  aligning,  and  shall  be  placed  Potition  of 
exactly  opposite  one  another  with  the  specimen  in  a  horizontal  plane  ®^^*** 
between  them.  Spedmen. 

8.  Starting  at  zero,  the  testing  voltage  shall  be  increased  uni-  AppUcation 
formly  at  such  a  rate  that  puncture  will  take  place  in  from  10  to  15  ^  Voiuge. 
seconds. 

9.  Ten  tests  shall  be  made  and  the  average  of  these  ten  puncturing  Humber  of 
voltages  shall  be  taken  as  the  momentary  dielectric  strength  of  the  ^••**- 
sample. 

10.  The  thickness  of  the  specimen  shall  be  measured  at  each  Thicknen. 
puncture,  usiiig  a  ratchet  micrometer  graduated  to  0.001  in.  and 
having  a  circular  foot  not  less  than  0.240  in.  nor  more  than  0.260  in. 

in  diameter. 

11.  The  report  shall  include  the  following:  Report. 

(a)  The  thickness  of  the  specimen  at  each  pimcture. 

(b)  Total  volts  and  volts  per  mil  of  thickness  at  each  puncture. 

(c)  The  average,  maximum  and  minimum  volts  at  pimcture 
per  mil  thickness  for  each  sample. 

(d)  The  room  temperature. 

(e)  The  relative  hmnidity,  in  per  cent. 
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TENTATIVE  METHOD  OF  TEST  FOR  PHASE  DIFFERENCE 
(POWER  FACTOR)  AND  DIELECTRIC  CONSTANT 
OF  MOLDED  ELECTRICAL  INSULATING  MATE- 
RIALS AT  RADIO  FREQUENCIES.* 

Serial  Designation:  D  150-^22  T. 

This  is  a  Tentative  Standard  only,  published  for  the  purpose  of  eliciting  criti- 
cism and  suggestions.  It  is  not  a  Standard  of  the  Society  and  until  its  adoption  as 
Standard  it  is  subject  to  revision. 

Issued,  1922. 

1.  This  method  of  test  is  intended  to  apply  to  non- vitreous  solid 
electrical  insulating  materials  that  are  formed  in  molds  by  the  ap- 
plication of  pressure,  either  with  or  without  heat. 

The  behavior  of  material  under  test  at  radio  frequencies  is  funda- 
mentally different  from  that  at  low  frequencies. 

In  this  test  the  phase  difference  of  the  dielectric  is  determined  at 
a  measured  frequency  by  determining  the  effective  resistance  (or 
equivalent  series  resistance)  and  capacity  of  a  condenser  made  up  with 
the  material  as  the  dielectric.  The  dielectric  constant  is  calculated 
from  the  measured  capacity  of  such  a  condenser,  and  the  thickness 
and  area  of  the  dielectric. 

The  dielectric  power  loss  is  proportional  to  the  product  of  the 
dielectric  constant  and  the  phase  difference. 

I.  APPARATUS. 

Generating  2.  The  circuit  in  which  the  radio  frequency  waves  are  generated 

Circuit.  ig  called  the  generating  circuit.  The  source  of  radio  frequency  voltage 
shall  be  an  electron  tube  oscillator  the  frequency  of  which  can  be 
varied  over  the  range  desired  and  which  can  be  coupled  loosely  to  the 
measuring  circuit.  It  shall  furnish  sufficient  power  so  that  the  presence 
of  the  measuring  circuit  will  not  reduce  its  output.  The  output  of 
the  oscillator  must  be  very  constant,  as  any  variation  in  voltage  will 
cause  a  much  larger  variation  in  the  final  results,  because  of  the  differ- 
ential method  used.     For  this  reason  it  is  highly  desirable  to  have  the 

1  Criticisms  of  this  Tentative  Method  are  solicited  and  should  be  directed,  preferably  before 
January  1.  1923,  to  Mr.  H.  S.  Vassar.  Secretary  of  Committee  D-9  on  Electrical  Insulating 
Materials.  102  River  St..  Newark,  N.  J. 

(900) 
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plate  current  supplied  by  a  storage  battery  or  other  source  of  very 
constant  power. 

3.  The  circuit  in  which  the  electrical  insulating  material  specimen  Measuring 
IS  placed  for  test  is  called  the  measuring  circuit.  Circuit. 

This  circuit  is  composed  of: 

A  condenser  employing  the  test  specimen  as  the  dielectric  and 
two  mercury  surfaces  as  the^conducting  plates. 

A  standard  condenser  of  a  special  design  having  negligible  phase 
difference  or  power  factor. 

One  or  more  special  inductance  coils. 

A  low-resistance  thermo-element  (preferably  less  than  five  ohms). 

A  special  double-pole  double-throw  switch  equipped  with  mercury 
wells. 

A  set  of  resistor  links  having  direct  current  resistance  values  rang- 
ing from  negligible  to  about  40  ohms. 

A  sensitive  low-resistance  wall  galvanometer  of  the  deflecting 
mirror  type  qr  other  suitable  type  of  indicating  instnunent. 

The  arrangement  of  the  apparatus  in  the  measuring  circuit  is 
shown  in  Fig.  6  of  the  Appendix. 

4.  The  instrument  used  to  measure  the  frequency  of  oscillation  Frequency 
of  the  current  in  the  generating  circuit  is  called  a  frequency  meter  or  **•*•'• 
wave  meter.    This  instrument  may  be  of  any  commercial  design 
covering  the  wave-frequency  range  of  about  85.7  to  1500  kilocycles 

per  second  (corresponding  to  wave  lengths  of  3500  to  200  meters)  and 
capable  of  calibration  accurate  to  within  1  per  cent  over  the  wave- 
frequency  range  used. 

II.  TEST  SPECIMEN. 

5.  The  test  specimen  shall  be  a  disk  having  the  dimensions  shown  jeit 

in  Fig.  13  of  the  Appendix.    A  raised  rim  about  the  circumference  is  Specimen, 
provided  to  hold  a  layer  of  mercury  to  form  the  upper  plate  when  the 
specimen  is  used  as  a  condenser. 

III.  PROCEDURE. 
(A)    Phase  Difference  {power  factor), 

6.  (a)  The  phase  difference  (power  factor)  of  two  specimens  shall  Method, 
be  measured  by  the  resistance-variation  method'  in  the  condition 
received  at  normal  room  temperature  of  about  20°  C.  (68**  F.)  and 

at  5  radio-frequencies  between  98  and  1200  kilocycles  per  second 
(3050  to  250  meters)  each. 

^  The  principles  of  the  resistance-variation  method  of  measuring  phase  difference  and  dielectric 
constant  are  given  in  Bureau  of  Standards  Circular  No.  74.  pp.  180-193. 
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Blectrodea. 


Procedure. 


CalcvUtione. 


Method. 


Procedure. 


Calcvlationt. 


(b)  The  phase  difference  (power  factor)  of  two  specimens  shall  be 
measured  by  the  same  method  and  at  radio  frequencies  within  the 
same  limits  as  mentioned  in  Paragraph  (a)  after  the  specimens  have 
been  immersed  in  water  at  a  temperature  of  about  20°  C.  (68®  F.)  for 
48  hours.  The  circumference  of  the  specimen  shall  have  been  pro- 
tected from  the  action  of  the  water  by  dipping  it  in  melted  paraffin 
to  a  depth  of  10  mm.  (0.394  in.)  and  rotating  it.  After  removing  the 
specimen  from  the  water,  the  surface  water  shall  be  wiped  off  with  a 
clean,  absorbent  cloth,  being  careful  not  to  handle  the  parafiBned  edge, 
and  then  allowed  to  stand  in  the  room  away  from  drafts  and  direct 
sunlight  for  five  minutes  before  floating  on  the  mercury  surface 
preparatory  to  making  the  measurements. 

7.  The  specimen  shall  be  floated  on  mercury  in  a  glass  dish  on  an 
insulating  support  levelled  by  means  of  levelling  screws.  Sufficient 
mercury  shall  be  poured  on  the  top  of  the  specimen  to  cover  the  upj>er 
surface. 

8.  The  details  of  the  method  of  testing  for  phase  difference  are 
given  in  the  Appendix. 

9.  The  values  of  phase  difference  in  degrees  shall  be  calculated 
from  the  formula: 

Phase  difference  in  degrees,  *^  =  3.60  RCf  X  10-^ 

where  /   =  frequency  in  kilocycles  per  second; 

R  =  measured  resistance  of  specimen  condenser  in  ohms; 
C  =  measured  capacity  of  specimen  in  micromicrofarads; 


or 


RC' 

Phase  difference  in  degrees,  *®  «  0.1079  — 

A 


where  R  and  C  are  the  same  as  above  and  X  =  the  wave  length 
expressed  in  meters. 

(B)    Dielectric  Constant. 

10.  The  capacity  of  a  condenser  in  which  the  specimen  is  the 
dielectric  shall  be  determined  by  comparison  with  a  standard  variable 
air  condenser  under  the  conditions  prescribed  for  phase  difference  meas- 
urements in  Sections  6  (a)  and  6  (6)  with  the  specimen  arranged  as 
in  Section  7. 

11.  The  details  of  the  method  of  determining  capacity  are  given 
in  the  Appendix. 

12.  The  dielectric  constant  shall  be  calculated  from  the  formula: 


Dielectric  constant  K  =»  ' 


CT 


0.0885  5 
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where  C  =  the  capacitance  of  the  specimen  in  micromicrofarads; 

T  =  the  average  thickness  of  the  specimen  expressed  in  centi- 
meters; 
S  =  the  area  of  the  upper  mercury  surface  expressed  in  square 
centimeters; 
or 

"*  0.224  5 

where  C  =  the  capacitance  of  the  specimen  in  micromicrofarads; 

T  =  the  average  thickness  of  the  specimen  expressed  in  inches; 
S  =,  the  area  of  the  upper  mercury  surface  expressed  in  square 
inches. 

IV.  REPORT. 

13.  The  report  shall  include  the  following:  R«poru 

(a)  The  description  of  the  material:  i.  «.,  filler,  binder,  grade, 
color  and  average  thickness. 

(b)  Room  temperature  and  relative  humidity. 

{c)  A  curve  for  each  specimen,  showing  phase  difference  (power 
factor)  and  dielectric  constant  plotted  as  ordinate  values,'  and  wave 
frequencies  (wave  lengths)  as  abscissa  values  for  the  specimen  as 
received  and  after  immersion  in  water  for  48  hours.  Each  curve  sheet 
will,  therefore,  show  two  phase  difference  and  two  dielectric  constant 
curves. 

(d)  The  phase  difference  and  dielectric  constant  of  each  specimen 
at  wave  frequencies  of  100  and  1000  kilocycles  per  second  (3000  and 
300  meters)  as  read  from  the  curves  for  each  of  the  two  conditions  and 
the  average  phase  difference  and  dielectric  constant  and  their  product 
at  these  same  frequencies. 
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DETAILS   OF    RESISTANCE-VARIATION    METHOD    OF    MEASURE- 
MENT OF  PHASE  DIFFERENCE  (POWER  FACTOR)  AND 
DIELECTRIC  CONSTANT. 

IntroducHon. — ^A  test  specimen  for  the  measurement  of  phase  difference 
and  dielectric  constant  at  radio  frequencies  consists  of  a  piece  of  insulating 
material  placed  between  metal  plates,  the  whole  constituting  an  electric  con- 
denser. It  is  quite  convenient  and  satisfactory  to  use  mercury  as  the  metal  for 
the  condenser  plates.  ITie  specimen  of  molded  insulating  material  may  be 
floated  on  mercury  and  a  pool  of  mercury  formed  on  top  of  the  specimen,  con- 
fined by  the  raised  rim  about  the  edge  of  the  test  specimen. 

The  phase  difference  of  an  electrical  insulating  material  is 

where  6  is  the  phase  angle  between  the  current  flowing  and  the  voltage  across 
a  condenser  which  has  the  space  between  its  conducting  plates  filled  with  the 


->l 


1_ 


Fig.  1. — Vector  Diagram. 


-|f-^WWW^ 


Fig.  2. — Condenser  Circuit. 


insulating  material.    The  voltage  E  (Fig.   1)  across  the  condenser  may  be 

considered   to  be  made  up  of  a  voltage  — -  acting  on  the  capacity  and  a 

(t)  C 

voltage  R  I  acting  on  a  resistance  in  series  with  the  capacity.  Thus,  the  con- 
denser is,  for  the  piupose  of  measurement,  considered  as  equivalent  to  a  pure 
capacity  C  with  a  resistance  R  in  series  with  it  (Fig.  2).  This  resistance*  is 
called  "effective  resistance"  or  "equivalent  resistance"  of  the  condenser, 
sometimes  shortened  to  simply  "resistance."  This  resistance  is  quite  distinct 
from  the  direct-current  or  leakage  resistance  of  the  condenser. 

The  phase  difference  ^  may  be  calculated  from  the  effective  resistance  and 
other  quantities  as  follows:  From  Fig.  1. 


tan  \p  « 


R  I 

I 
(t)  C 
(904) 


-  R  «  C 
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where  w  -  2  ir  times 
tan  ^  «  ^,  therefore 


the  frequency  of  the  current.     Since  for  small  angles 


The  phase  difference  ^  is  known  if  Ry  cj  and  C  are  known.  The  phase  difference 
measurement  thus  involves  a  determination  of  three  separate  quantities.  The 
formula  ^  -  RcjC  is  correct  for  ^  in*radians,fiJ^in  ohms  and  C  in  farads.    With 


Fig.  3. — Radio-Frequency  Generating  Circuit. 

the  wave  length  in  meters  (Xm)  in  the  formula  instead  of  w,  ^  in  degrees  instead 
of  radians,  R  in  ohms,  and  C  in  micromicrofarads  instead  of  farads, 


^^  =  0.1079 


R  C 


The  three  quantities  involved  in  the  phase  difference  are  measiu^  with 
radio  frequency  ciurents.  The  current  of  a  radio  frequency  is  caused  to  flow  in 
a  circuit  containing  the  condenser  made  up  from  the  insulating  material  tmder 
test.  The  equivalent  resistance  (R)  is  determined  by  the  resistance-variation 
method  and  the  capacity  is  measured  by  comparison  with  a  standard  variably 
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air  condenser.  The  delermination  of  the  equivalent  resistanoe  is  the  most 
important  and  difficult  part  of  the  measurement.  The  wave  frequency  or  wave 
length  (X)  is  measured  by  a  wave-meter  placed  near  the  generating  circuit. 

From  the  measurement  of  the  capacity  C  of  the  test  specimen,  the  value 
of  the  dielectric  constant  of  the  insulating  material  is  easily  obtained.  The 
average  thickness  T  of  the  dielectric  and  the  area  S  of  the  upper  mercury  surface 
plate  are  measured.    The  dielectric  constant  is 


K 


C  T 


where  C  is 
centuneters. 


0.0885  S 
in  micromicrofarads,  T  in  centimeters  and  S  in  square 


a 


a 


□ 


T^ ^^ 

Fig.  4. — Secondary  Inductance. 


T^ 


Circuits. — ^The  measurement  of  phase  difference  and  dielectric  constant  at 
radio  frequencies  requires  a  generating  circuit  and  a  suitable  measuring  circuit. 

The  generating  circuit  is  shown  schematically  in  Fig.  3.  The  inductance 
coil  Lg  is  any  one  of  a  series  of  detachable  tubular  single  layer  inductors  arranged 
somewhat  as  shown  in  Fig.  4.  For  the  tests  outlined  in  these  specifications,  it 
is  probable  that  no  more  than  five  tubular  inductors  will  be  required.  The 
smaller  inductor  may  be  made  by  winding  13  turns  of  wire  on  a  3i-in.  tube  with 
6  turns  on  either  side  of  the  middle  clip.  The  larger  inductor  may  be  made  by 
winding  112  turns  of  wire  on  a  6}-in.  tube,  32  turns  on  either  side  of  the  middle 
clip  and  24  turns  outside  of  both  outside  clips.  The  other  three  inductors  may 
be  made  to  cover  the  gap  between  these  two  extremes. 

The  variable  air  condenser  C  may  be  of  any  suitable  commercial  shielded 
type  having  a  maximum  capacity  of  about  0.003  microfarads    (3000  micro- 
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microfarads).  The  ammeter  ^4  is  of  the  hot  wire  type  having  a  range  of  0  to  1 
ampere.  Tlie  by-pass  condenser  Q  may  be  any  type  of  fixed  condenser  capable 
of  withstanding  500  volts  (direct  current). 

The  plate  battery  Bp  may  be  a  100  to  300-volt  storage  battery  of  the  lead- 
add  type  having  an  ampere  capacity  of  about  0.2  ampere  at  the  8-hour 
discharge  rate.  Fig.  5  shows  a  lOO-volt  battery  of  this  type  with  the  supports 
fixed  for  stacking  the  batteries  in  an  upright  position.  A  lead  couple  and  jar  are 
also  shown  separately  in  this  figure. 

The  ammeter  Ap  may  be  any  type  of  direct-current  instrument  having  a 
range  of  0  to  50  milliamperes.  The  three-electrode  electron  tube  T  may  be 
any  of  the  so-called  power  tubes  rated  at  5  watts  or  over.  The  voltmeter  V 
may  be  any  type  of  direct-current  instrument  having  a  range  suited  to  the  type 


Fig.  5. — Storage  Battery. 

of  electron  tube  used.  The  filament  battery  Bf  should  be  of  the  lead-acid  type 
whose  voltage  and  ampere-hour  capacity  will  be  determined  by  the  type  of 
electron  tube  selected.  The  ampere  canying  capacity  and  the  resistance  of  the 
rheostat  R  would  also  be  dependent  on  the  tjrpe  of  tube  selected. 

The  measuring  circuit  is  shown  schematically  in  Fig.  6.  The  standard 
variable  air  condenser  C,  may  be  of  the  Bureau  of  Standards  standard  tjrpe 
having  a  maximum  capacity  of  not  to  exceed  0.001  microfarads  (1000  micro- 
microfarads).  Fig.  7  shows  the  general  construction  of  this  type  of  condenser. 
This  condenser  is  described  more  fully  in  Circular  No,  74  of  the  Bureau  of  Stan- 
dards, "Radio  Instruments  and  Measiu-ements, "  Section  32.  The  special 
switch  with  mercury  wells,  together  with  a  non-inductive  resistor  are  shown  in 
Fig.  8.    The  special  switch  is  constructed  throughout  of  insulating  material 
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except  the  leads  and  wells  which  are  of  copper.  The  two  upright  standards  of 
the  switch  are  Pyrex  glass  rods  about  1  cm.  in  diameter,  while  the  supports 
which  hold  the  six  copper  wells  and  leads  are  of  Pyrex  glass  tubing.  The  copper 
wells  are  swaged  to  the  copper  leads  and  no  solder  used.  The  non-inductive 
resistor  is  made  from  a  piece  of  glass  tubing,  two  corks,  two  pieces  of  about 
No.  14  copper  wire  bent  to  form  an  L  and  a  piece  of  small-diameter  high- 
resistance  wire.  Several  of  these  resistors  are  required,  but  in  all  cases  the  distance 
between  the  spurs  should  be  the  same,  because  the  resistors  must  fit  into  the 
mercury  wells,  as  shown  in  the  switch  (Fig.  8).  Each  of  these  imits  has  a 
different  value  of  resistance  made  so  by  var3ring  either  the  length  or  the 
diameter  of  the  resistance  wire  or  both. 

The  condenser  C,  is  made  by  floating  the  molded  test  specimen  on  mercury 
and  pouring  mercury  on  the  upper  surface  until  it  is  filled  to  the  molded  flange. 
The  merciuy  bath  on  which  the  specimen  rests  is  contained  in  a  glass  dish  which 
rests  on  a  piece  of  insulating  material  which  in  ttuti  is  supported  by  some  sort  of 
a  levelling  device.    Fig.  9  shows  the  method  of  floating  the  specimen  except  that 
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Special  Switch 
with  Mercury  Wells 

Fig.  6. — Measuring  Circuit. 

in  this  case  a  rectangular  specimen  is  shown  without  a  flange  of  the  same  material. 
A  two-piece  rectangular  copper  mercury  retainer  is  used  on  the  upper  surface. 

The  standard  inductor  L,  Fig.  6,  may  be  of  the  type  shown  in  Fig.  10,  except 
that  only  standard  binding  posts  will  be  required  for  connections.  This  inductor 
must  be  of  some  design  having  a  comparatively  low  resistance  so  that  the  coil 
resistance  will  not  be  a  large  proportion  of  the  combined  equivalent  resistance 
of  the  circuit  made  up  of  inductor  L  and  the  specimen  condenser  C-^.  To  cover 
the  wave  frequencies  (wave  lengths)  named  in  these  specifications,  it  would  be 
desirable  to  have  at  least  five  inductors  having  inductance  values  of  about 
0.1,  0.5,  1,  2,  and  3  millihenries. 

The  thermo-element  T  is  of  the  crossed-wire  t)rpe  shown  in  Fig.  1 1.  For 
this  purpose  the  thermo-element  base  might  better  be  equipped  with  four 
binding  posts  than  with  two  binding  posts  and  two  clips.  A  cylindrical  cap 
fits  into  the  circular  groove  cut  in  the  base  and  is  held  in  place  by  a  cap  nut 
which  screws  on  to  the  small  brass  bolt  shown  attached  to  the  base.  The  wires 
used  on  this  type  of  thermo-element  may  be  of  steel  and  "constantan"  or 
"advance"  about  0.02  mm.  in  diameter  (see  Bureau  of  Standards  Radio 
Laboratory  Report  cR251-2a).    The  resistance  of  the  thermo-element  should  be 
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from  3  to  5  ohms.  A  shielded  cable  comiecting  the  thermo-element  T  to  the 
galvanometer  G  may  be  standard  lead-sheathed  duplex  cable. 

The  galvanometer  G  is  a  sensitive  low-resistance  wall  galvanometer  of  the 
deflecting  mirror  type  whose  deflections  within  reasonable  limits  are  proportional 
to  the  square  of  the  current.  A  Leeds  &  Northrup  No.  2285  high-sensitivity 
galvanometer  with  an  external  damping  resistance  of  about  5  ohms,  period 
about  2  seconds  and  concave  mirror  for  about  one  meter  focal  distance  has  been 
found  satisfactory. 

Fig.  12  shows  the  complete  apparatus  as  assembled  in  the  Radio  Laboratory 
of  the  Bureau  of  Standards.  For  more  exact  measurements  the  complete 
apparatus  itself  is  housed  in  a  small  section  of  the  room  and  completely  sur- 
rounded with  a  fine  mesh  wire  such  as  window  screening.  The  purpose  of  this 
shielding  is  to  insure  the  accuracy  of  measurement  by  shielding  out  the  influence 
of  outside  radio-frequency  generators.  This  view  shows  the  wavemeter  mounted 
on  a  tall  stand,  a  rather  complicated  radio-frequency  generator,  a  rack  of  100- 


FiG,  7. — Standard  Variable  Air  Condenser. 

volt  storage  batteries,  the  bottle  of  distilled  water  for  use  with  the  batteries,  the 
galvanometer  rack  showing  the  scale,  lamp  and  galvanometer,  the  test  specimen 
floated  ready  for  measurement,  the  special  skeleton  switch,  the  standard 
inductor,  the  standard  condenser  and  a  box  of  non-inductive  resistors.  In 
addition,  there  will  be  observed  a  series  of  parallel  wires  between  the  generating 
circuit  and  the  measuring  circuit  and  also  between  the  measuring  circuit  and  the 
place  occupied  by  the  operator.  The  parallel  wires  between  the  generating 
circuit  and  the  measuring  circuit  are  all  soldered  together  at  the  end  nearest 
the  operator  (the  left-hand  end  as  shown),  and  left  separate  at  the  other  end. 
The  wire  which  connects  all  the  parallel  screening  wires  is  then  attached  to  a 
ground  connection.  The  parallel  wires  between  the  measuring  circuit  and  the 
opera^-or  are  unattached  at  either  end  but  all  attached  in  the  middle.  This 
middle  .onnector  is  also  attached  to  the  ground  connection  The  upper  half 
of  the  shield  between  the  operator  and  the  measuring  circuit  is  hinged  to  make 
it  more  easy  to  change  the  apparatus.  It  will  be  noticed  that  two  panels  of  the 
over-a^U  wire-netting  screen  have  been  removed  in  the  photograph.    The  third 
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Flexible 

A- 


"Flexible 


Fig.  8. — Special  Switch. 


Fig.  9. — Test  Specimen  Floating  on  Mercury. 
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panel  at  the  extreme  right  front  of  the  photograph  is  hinged  to  form  a  door. 
This  door  permits  the  operator  to  arrange  the  test  specimen  in  the  mercury  bath. 
Method  of  Measurement. — ^Assiune  that  the  13-tum  inductor  Lg  is  in  position 
as  shown  in  Fig.  3  and  the  other  parts  of  the  generating  circuit  are  in  readiness 
and  generating  radio-frequency  current.  Bring  the  generating  circuit  near  to  the 
measuring  circuit  with  the  shield  of  parallel  wires  between  them  as  shown  in 
Pig.  12.  Put  the  0.05-millihenry  standard  inductor  L  (Fig.  6)  in  position  and 
insert  heavy  copper  links  between  wells  1  and  3  and  between  2  and  4.  Write 
the  value  of  the  inductance  L  in  Space  No.  1  of  the  data  sheet,  Table  I.  Tune 
the  generating  circuit  to  the  measuring  circuit  by  varying  the  setting  of  the 
condenser  C  (Pig.  3),  resonance  being  determined  by  the  maximum  deflection 


Fig.  10. — Standard  Inductor. 

of  the  galvanometer  G  (Fig.  6).  It  is  essential  that  this  tuning  be  done  carefully. 
Change  the  coupling  between  Lp  and  L  imtil  the  maximum  deflection  at  reso- 
nance is  about  40  cm.  if  a  50-cm.  scale  is  used.  Leave  the  generating  circuit 
untouched  and  determine  the  wave  frequency  (wave  length)  emitted  by  the 
generating  circuit  by  means  of  a  frequency  meter  (wave  meter).  Record  the 
wave-meter  setting  in  Space  No.  2,  Table  I.  Remove  the  wave  meter.  Remove 
the  copper  link  on  the  grotmded  side  (that  is  between  wells  2  and  4)  and  read  the 
zero  error  of  the  galvanometer  and  record  the  value  in  Coltunn  No.  1  of  the  data 
sheet.  Reinsert  the  copper  link  and  record  the  maximum  deflection  in  Column 
•No.  2.  Record  the  resistance  of  the  heavy  copper  link  as  0  in  Column  No.  5. 
Remove  the  copper  link  spanning  wells  2  and  4  and  read  the  zero  deflection  of 
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the  galvanometer.  Insert  this  as  the  second  entry  in  Column  No.  1.  Pick  out 
a  non-inductive  resistor  of  such  resistance  that  it  will  cut  the  galvanometer 
deflection  to  about  half  the  maximum  value  and  insert  between  wells  2  and  4 
to  replace  the  copper  link.     Record  the  galvanometer  deflection  as  a  second 

Table  I. — Sample  of  Record  of  Test. 

I>ate  of  Test, Specimen  No., Test  No., 

Specimen  Submitted  by Number  Submitted, Date, 

Filler, Binder. Grade, Color, 

I>y  Bulb, **  C °  F.    Wet  Bulb, •  C •  F.     Relative  Humidity. % 

Notes 

Average  thickness  (T) {No.  Il)  cm.     {No.  11)  in. 

Standard  Inductance,  {No.  1)  rah. 

^     .         .  fWavemeter,  {No.  2)  deg. 

bettmg  oi^  Stand.  Cond.  No.,  {No.  4),  {No.  3)  deg. 

Upper  plate  area  (5) {No.  12)  cm.»     {No.  12)  in.« 

Wave  Freq.,  kc/sec.,  {No.  5)  f. 

Wave  Length,  {No.  6)  Meters. 

Specimen  Capacity,  {No.  7)  ft-fi-f. 

T^t        T^ir  w  o    1 1  Specimen,  {No.  8)  deg. 

Phaser)ifference,***of  <  J:      .^   /„     n\  a 

*  [  Circuit,  (No,  9)  deg.  • 

Power  factor  of  Specimen,  {No.  lO)  %. 

Dielectric  Constant,  K  =  {No.  13). 

Phase  difference X Dielectric  Constant,  ^^X-K  =  {No.  14). 


Galvanometer. 

Resistance 

Instfted. 

ft 

;?-■■ 

Total 
Equiv. 

R 

Equiv. 

Z«o 

Maximum 

True 

Mean 

Rea.  of  C^ 

Deflection. 

DefleeUon. 

Deflection. 

"« 

0.30 

41.70 

41.40 

41.40 

A   0 

22.08 

0.32 

15.00 

14.68 

14.69 

B  18.01 

0.679 

26.53 

0.32 

41.70 

41.38 

41.40 

A   0 

0.33 

13.67 

13.34 

13.36 

C  20.21 

0.761 

26.56 

0.33 

41.70 

41.37 

41.37 

A   0 

0.3S 

12.81 

12.43 

12.43 

D21.84 

0.825 

26.48 

0.3S 

41.79 

41.41 

A   0 

0.36 

13.75 

13.39 

C  20.21 

Ave. 

0  37 

41.77 

41.40 

A   0 

0.39 

15.09 

14.70 

B  18.01 

26.52 

0.49 

41.71 

41.22 

41.23 

A   0 

0.62 

17.35 

16.83 

16.84 

B   2.51 

0.565 

4.44 

0  fiO 

41.74 

41.24 

41.24 

A   0 

0.52 

14.91 

14.89 

14.40 

C    3.08 

0.692 

4.45 

0  50 

41.77 

41.27 

41.27 

A   0 

0  52 

11.42 

10.90 

10.90 

D   4.20 

6.947 

4.43 

0.53 

41.78 

41.25 

A    0 

0  53 

14.93 

14.40 

C    3.08 

Ave. 

0.53 

41.77 

41.24 

A   0 

.* . . 

0.55 

17.39 

16.84 

B    2.51 

4.44 

entry  in  Colimm  No.  2  and  the  ohmic  resistance  of  the  resistor  as  a  second 
entry  in  Column  No.  5.  Assuming  the  copper  link  to  be  .4  and  three  non- 
inductive  resistors  of  increasing  resistance  values  to  be  B^  C,  and  D,  insert  the 
several  links  {A ,  By  C,  and  D)  on  the  grounded  side  of  the  switch  between  wells 
2  and  4  in  the  order  AB,  AC,  AD,  AC,  AB.    Record  each  zero  error  and  niaxi- 
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mum  deflection  in  the  proper  place  in  Columns  Nos.  1  and  2  and  the  value  of 

resistance  inserted  in  the  circuit  in  Coliunn  No.  5.    Remove  the  links  from  the 

wells  1  to  3  and  2  to  4  and  insert  copper  links 

between  3  and  5  and  between  4  and  6.     Move 

the  generating  circuit  about  50  cm.  away  from 

the  standard  inductor  L,  being  careful  not  to 

change  the  setting  of  any  of  the  variables  in  the 

generating  circuit.-    Check  ^he  wave  frequency  of 

the  generating   circuit.     Tune   the    measuring 

circuit  (composed  of  the  standard  condenser  C„ 

standard  inductor  L,  the  thermo-element  T  and 

the  galvanometer  G)  to  the  generating  circuit  by 

varying  the  setting  of  the  standard  condenser  C,. 

Change  the  coupling  between  Lg  and  L  to  give 

about  40  cm.  galvanometer  deflection   on  the 

50-cm.  scale.    Time  the  measuring  circuit  very 

carefully  but  do  not  vary  any  controls  on  the  generating  circuit.    Read  the 

setting  of  the  standard  condenser  C,  and  record  in  Space  No.  3.     If  more  than 

one  standard  condenser  is  available  in  the  laboratory,  record  the  niunber  of  the 


A 


Fig.  11. — Thenno-element. 


Fig.  1 2. — Complete  Apparatus  as  Installed  in  Radio  Laboratory,  Bureau  of  Standards. 

condenser  used  in  Space  No.  4  for  the  purpose  of  identification.  Remove  the 
copper  link  from  between  wells  4  to  6,  read  the  galvanometer  zero  deflection 
and  record  the  value  in  the  first  column  of  the  data  sheet  (see  0.049,  Column 
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No.  1).  Reinsert  the  copper  link  and  read  the  maximum  galvanometer  deflec- 
tion, record  the  numerical  value  in  Coltmm  No.  2.  Proceed  in  this  manner, 
as  above  described,  inserting  resistors  in  the  order  AB,  ACy  AD,  ACy  AB. 

The  data  in  the  body  of  the  data  sheet  may  now  be  computed.  Column 
No.  3  is  obtained  by  subtracting  the  zero  deflection  from  the  corresponding 
maximum  deflection.  Thus  41.70  —  0.30  -  41.40,  the  true  deflection,  or 
15.00  -  0.32  =  14.68.  Column  No.  4  is  obtained  by  averaging;  that  is,  the 
two  A  deflections  which  precede  the  two  B  deflections,  the  two  B  deflections, 
the  two  A  deflections  which  precede  the  two  C  deflections  and  the  two  C  de- 
flections are  averaged.  Thus,  the  average  of  41.40  and  41.40  is  41.40  and  of 
14.68  and  14.70  is  14.69.    As  has  been  stated,  phase  difference 

^*»  -  01079  -^ 

The  equivalent  resistance  R  is  computed  in  three  steps  and  recorded  in  Column 
No.  8.    By  one  measurement  the  equivalent  resistance  {Rj)  of  the  condenser 

K| i90  mm.  (7.4303")- 

Ly„>J<........ /70mm.(6.6929') 


I  ; 


rU89mm.(0.0468')Rad.  ^SlighfRadws 


r/^/y^x/f^/^^//rr/vw^/iw^j^/iwjj7 


te.'.--..,-,,-,HiH^ftitif  ■?- 


V  /  Toterance: ± 0.076mm.  (0005 "j 

4.Smm.(ai77?y  ^J  ^ 

3.0mm.(OM82y'' 

Fig.  13. — Test  Specimen. 

Cx  plus  the  resistance  {R^  of  the  remainder  of  the  circuit,  including  the  inductor 
L,  is  determined.  By  another,  the  equivalent  resistance  {R^  of  the  standard 
condenser  Cg  and  the  resistance  (^)  of  the  remainder  of  the  circuit,  including 
the  inductor  L.  Since  in  each  case  the  remainder  of  the  circuit  is  the  same  and 
the  standard  condenser  Cg  is  considered  to  have  negligible  resistance,  the  differ- 
ence of  the  resistance  values  will  be  the  equivalent  resistance  of  the  specimen 
condenser  C,.  That  ^,  the  resistance  of  the  condenser  C,  plus  the  resistance 
of  the  circuit  is  i^x  +  Roi  while  the  resistance  of  the  standard  condenser  C^  phis 
the  resistance  of  the  circuit  is  ^  +  i^.  Ru'v&  negligible,  so  J^  +  i^  is  equivalent 
to  R^,    (,Rx  +  -Ra)  —  iZo  =  -Rx  ■■  the  equivalent  resistance  of  C,. 

The  combing  equivalent  resistance  of  the  specimen  condenser  and  its 
attached  circuit  is  computed  first. 

» 

The  equivalent  resistance  R  «  T7=^ — 

where  Ri  »  resistance  inserted, 

Ji  »  galvanometer  deflection  with  Ri  inserted, 

^o  "  galvanometer  deflection  with  no  resistance  inserted. 
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The  denominator  is  solved  first  and  its  values  inserted  in  Column  No.  6,  while 
the  values  of  i^  are  inserted  in  Column  No.  7.  Thus,  the  values  in  Q)liunn 
No.  6  are 


2/41.40     ,       ^^_    2/4140  2/4137 

V  14:69-  ^  -  ^•''^'  V  1136  -  '  =  ^-^^^^  ^W  ll43  -  '  "  ^•^2^- 

The  equivalent  resistance  R  (Coltunn  No.  7)  is  obtained  by  dividing  the  ohmic 
resistance  of  the  resistors  B,  C,  and  D  by  their  respective  denominators  as  shown 
in  the  above  equation.    Thus,  the  values  of  iS  are 

1801      ^^„       20.21       ^^^^       21.84      ^, 
0679  =  2^-^^'      0761-2^-^^'      0825  ='2^-^- 

The  same  procedure  is  followed  to  determine  the  resistance  of  ^  +  i^.  As 
shown  in  the  data  sheet,  these  values  are  found  to  be  4.44,  4.45  and  4.43  ohms. 
The  next  step  is  to  average  each  group  of  three  resistances.  The  equivalent 
resistance  of  the  specimen  condenser  Cx  is  the  difference  between  these  averages, 
or  26.52  -  4,44  -  22.08  ohms.  The  next  step  is  to  fill  in  Spaces  Nos.  5,  6  and 
7  by  referring  to  the  calibration  charts  of  the  wave  meter  and  the  standard 
condenser.  With  these  values  available,  the  phase  difference,  or  power  factor  of 
the  specimen,  may  be  computed.  As  has  been  previously  stated,  phase  difference 
expressed  in  degrees  is 

^**  =  3.60  RCf  X  10"^ 

or  =  0.1079  ^ 

A 

Assuming  the  specimen  capacity  (C)  to  be  235  micromicrofarads,  the  wave 
frequency  (/)  to  be  1000  kc  per  sec.  (wave  length  300  meters),  then  the  phase 
difference  of  the  specimen  is 

^**  =  3.60  X  22.08  X  235  X  1000  X  10"^  =  1.87  deg. 

0.1079  X  22.08  X  235       ,  ^^  ^ 
=       300 ^•^^^"^- 

This  value  is  inserted  in  Space  No.  8  while  the  phase  difference  of  the  circuit 
is  computed  and  inserted  in  Space  No.  9.  Thus  the  phase  difference  of  the 
circuit  equals: 

3.60  X  4.44  X  235  X  1000  X  10^^  »  0.38  deg. 

0.1079  X  4.44  X  235      ^  ,^  ^ 
300 ^'^^^^^' 

For  the  small  values  of  phase  difference  usually  found  in  the  better  t3rpes  of 
electrical  insulating  material, 

power  factor  in  per  cent  -  1.75  X  4^^. 

This  quantity  is  computed  and  entered  in  Space  No.  10.  The  thickness  and 
area  of  the  specimen  may  now  be  measured  and  the  values  written  in  Spaces  Nos, 
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1 1  and  12,  respectively.  The  thickness  (T)  should  be  the  average  of  at  least  six 
micrometer  readings.  Having  determined  the  thickness  (T)  and  the  area  (5), 
and  the  capacity  (C)  (Spaces  Nos.  7,  11  and  12),  the  dielectric  constant  may  be 
computed  from  the  formula  previously  given.  Assuming  T  and  5  to  be  0.45 
cm.  and  284  cm*,  respectively, 


K 


CT 


235  X  0.45 

0.0885  S  "  0.0885  X  284 


-4.2. 


The  computed  value  of  K  is  written  in  Space  No.  13.     For  the  better  comparison 

Table  II. — Sample  Report. 

Date  of  Test,  May  10,  1922.    Specimen  Number,  /. 

Specimen  submitted  by  A  B  C  Co.    Number  submitted,  1.    Date,  May  /,   1922 

Faier,   Wood  flour.    Binder,   X    Y  Z  Resin.      Grade,  No.   2.      Color,   Naiural. 

Average  thickness,  0.443  cm., in.  Room  temperature,  21^  C, ®F. 

Relative  humidity,  54%. 


Wave 
Frequency. 

kilocycles 
per  sec. 

Wave 
Length. 

meters. 

Computed  Values. 

Phase 
Difference. 

Power 
Factor, 
percent. 

Dielectric 
Constant. 

Product 
of 

rxK 

Remarks. 

1071.0 
492.0 
197  4 
113.6 
95.0 

1027.0 
482.5 
195.5 
112.5 
93.8 

280 

610 

1520 

2640 

3160 

292 

622 

1534 

2666 

3200 

2.04 
1.92 
1.91 
1.86 
1.84 

2.12 
2.02 
2.01 
1.96 
1.94 

3.57 
3.36 
3.34 
3.25 
3.22 

3.71 
3.54 
3.52 
3.43 
3.39 

5.20 
5.28 
5.34 
5.87     , 
5.40 

5.40 
5.48 
5.54 
5.57 
5.60 

10.6 
10.1 
10.2 
10.0 
9.9 

11.4 
11.1 
11.1 
10.9 
10.9 

As  received. 

After  water  treatment. 

of  electrical  insulating  materials  for  radio  use,  both  the  phase  difference  and 
the  dielectric  constant  should  be  considered.  Space  No.  14  has  been  left  for 
the  numerical  product  of  phase  difference  expressed  in  degrees  and  the 
dielectric  constant.     Thus, 


Product  =  ^°  X  A'  =  1.87  X  4.2  =  7.86. 


Report. — A  convenient  fonn  for  the  report  is  shown  in  Table  II  and  a 
summary  for  300  and  3000  meters  is  shown  in  Table  III. 
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Table  III. — Sample  Summary. 


Values  of  phase  difference  and  dielectric  constant,  at  300  and  3000  meters  wave  length 
as  read  from  curves,  Fig.  14. 


Wftvc  Frequency. 


Phase 
Difference, 


<& 


Dielectric 

Constant. 

K 


Product  of 


Aa  RSCBITBD.  AT  21*  C. 


100  Ac  per  sec. 
3U00  meters... 


1000  ic  per  sec. . 
300  meters 


Average. 


9  92 


10.63 


10.23 


AmR  48  HouM  m  Watmr  at  21*  C. 


100  ibe  per  sec. . 
3000  meters. . . 


1000  ie  per  see. . 
300  meters , 


Average. . 


I 


A  -  Phase  Difference  as  Received. 

B~       »»  ft  after 48 hours  in  Wafer. 

C-  Dielectric  Constant asPeceiyed. 

D-        ry  n      after48tiours  inWottr. 

_J I \ \ \ I L_ 


5.2| 
5.)o 
5.0 


8 


CJ        Oi         <vi 


C4 


Wave  Leng+h  (meters) 
Fig.  14. — Curves  for  Test  Specimen  No.  1. 
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TENTATIVE  GENERAL  SPECIFICATIONS 
FOR 
WOODEN  BOXES,  NAILED  AND  LOCK-CORNER 
CONSTRUCTION.! 

Serial  Designation:  D  68*22  T. 

This  is  a  Tentative  Standard  only,  published  for  the  purpose  of  eliciting  criti- 
cism and  suggestions.  It  is  not  a  Standard  of  the  Society  and  until  its  adoption  as 
Standard  it  is  subject  to  revision. 

Issued,  1920;  Revised,  1922. 

1.  These  specifications  are  intended  to  apply  to  wooden  boxes 
of  nailed  and  lock-comer  construction,  and  are  directly  applicable 
to  the  styles  of  boxes  illustrated  in  Fig.  1. 

.     I.    MATERIAL. 

2.  The  parts  shall  be  made  from  thoroughly  seasoned  lumber. 
Under  average  conditions,  thoroughly  seasoned  lumber  has  a  moisture 
content  of  12  to  18  per  cent  of  the  weight  of  the  wood  after  oven  drjring 
to  a  constant  weight. 

3.  All  defects*  in  the  lumber  that  materially  lessen  the  strength 
of  the  part,  expose  the  contents  to  damage,  or  interfere  with  the 
prescribed  nailing,  shall  be  eliminated. 

4.  Ends,  sides,  tops,  bottoms  and  other  parts  of  a  box  shall  be 
well  manufactured  and  cut  true  to  size. 

II.    GROUPING  OF  WOODS. 

5.  The  principal  woods  used  for  boxes  are  classed  for  the  purpose 
of  specifications  into  four  groups,  as  follows: 


Group  I. 


White  pine 

Norway  pine 

Aspen  (Popple) 

Spruce 

Western  (yellow)  pine 


Willow 
Noble  fir 
Magnolia 
Buckeye 
White  fir 


>  Criticisms  of  these  Tentative  Specifications  are  solicited  and  should  be  directed,  preferably 
before  January  1, 1923.  to  Mr.  T.  R.  C.  Wilson,  Secretary  of  Committee  D>10  on  Shipping  Containers, 
Forest  Products  Laboratory,  Madison,  Wis. 

>^e  committee  recognises  that  the  limitations  on  defects  are  not  sufficiently  definitive.  This 
phase  is  being  made  the  subject  of  careful  study  with  the  object  of  recommending  more  definite  reciuire- 
ments. 

(918) 
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Cottonwood  Cedar 

YcUow  poplar  Redwood 

Balsam  fir  Butternut 

Chestnut  Cucumber 

Sugar  pine  Alpine  fir 

Cyx>re6S  Lodgepole  pine 

Basswood  Jack  pine 

Group  XL 

Southern  yellow  pine  Douglas  fir 

Hemlock  Larch  (Tamarack) 
North  Carolina  pine 

Group  III. 

White  ehn  Black  ash 

Red  gum  Black  gum 

Sycamore  Tupelo 

Pumpkin  ash  Maple,  soft  or  silver 

Group  IV. 
Hard  maple  Birch 

Beech  Rock  elm 

Oak  White  ash 

Hackberry  Hickory 

III.    DIMENSIONS  OF  PARTS. 

6.  (a)  The  thicknesses  called  for  in  specifications  for  boxes  of  Thickness  cf 
any  given  commodity  will,  unless  otherwise  specified,  be  understood  ^**^ 

as  applying  to  woods  of  Groups  I  and  II. 

(b)  When  the  thicknesses  of  material  in  the  following  table  are 
specified  (for  Groups  I  and  II  woods),  woods  of  Groups  III  and  IV 
may  be  used  with  the  following  permissible  reduction  in  thickness: 

Allowable  Rkduction  in 
Spbcifibo  Thickness  of  Thickness  por 

Parts  (Groups  I  and  II).  Groups  III  and  IV. 

}  to  }  in.,  incl A  "^* 

Over  J  to  1  in.,  incl t  in, 

1  to  2  in.,  incl i  in. 

7.  The  occasional  variation  below  the  thickness  of  parts  specified  occMiosai 
in  Section  6  shall  not  exceed  one-eighth  of  the  thickness  of  the  part.  2^!^®°  *" 

8.  (a)  The  maximum  number  of  pieces  allowed  in  any  side,  top,  of  Putg. 
bottom  or  end  of  a  box  shall  be  as  follows:  Number  of 

Maximum  Number  Wacai. 
Width  of  Part.  of  Pibces. 

4  in.  and  under 1 

Over  4  to  7  in.,  incl 2 

"      7  to  10  in.,  incl 3 

Over  10  in.  shall  average  not  more  than  one  piece  for  each  3  in.  of  width  and 
no  piece  shall  be  less  than  2}  in.  in  width.  Boards  matched  and  fastened  as 
provided  in  the  following  section  may  be  not  less  than  1}  in.  in  width  at  either  end. 
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(b)  Two  or  more  pieces  J  in.  or  over  in  thickness,  fastened  as 
follows  shall  be  considered  one  piece  in  sides,  tops  and  bottoms: 
butt-jointed  or  matched  and  fastened  with  two  or  more  corrugated 
fasteners  l|  in.  in  length  and  of  suflBdent  width  to  penetrate  approxi- 
mately three-fourths  the  thickness  of  the  material. 

IV.    MANUFACTURE  OP  BOXES. 

9.  The  outside  surface  of  boxes  shall  be  sufficiently  smooth  to  Surfacing  of 
permit  of  legible  marking.     When  surfacing  of  boards  two  sides  is  ®®"*- 
necessary  for  the  protection  of  the  commodities  in  transportation, 

the  material  may  be  ^  in.  thinner  than  the  minimiun  specified. 

10.  (a)  Ends  J  in.  or  less  in  thickness,  if  made  of  two  or  more  joining, 
pieces,  shall  be:   (l)  butt-jointed  or  matched,  and  fastened  with  two 

or  more  corrugated  fasteners;  or  (2)  cleated. 

(b)  The  sizes  of  corrugated  fasteners  used  shall  be  as  follows: 

Thickness  of  End,  in.  Sizk  op  Pastkner,  in. 

i ibyll 

A,  4  and  A fbylj 

f.Hand} ibyll 

Hand  I Ibyll 

(c)  The  number  of  fasteners  used  shall  be  as  follows: 

NuifBBR  OF 

Length  of  End.  Pastsners. 

16  in.  and  under 2 

Over  16  to  24  in 3 

"    24  "    36"    4 

(d)  When  three  or  more  fasteners  are  required,  they  shall  be  driven 
alternately  from  opposite  sides  of  the  end. 

(e)  Two  or  more  pieces  Linderman  jointed  shall  be  considered  one 
piece. 

Schedule  of  Nailing. 

11.  (a)  All  nails,  except  as  specified  in  Paragraph  (6),  shall  be  Kindof  Naiif. 
standard  cement-coated  box  nails  of  the  following  length  and  gage 
(Washburn  and  Moen  or  American  Steel  and  Wire  Co.  gage) : 

Size  of  Nails, 

"penny."  Length.       Gage  No. 

2 1    in.  16 

3 1|  "  151 

4 If  "  14 

5 11  ••  131 

6 IJ  "  13 

7 21  "  121 

8 2f  "  111 

9 2f  •'  llj 
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Size  of  Nalli. 


Spacing  and 
Number  of 
Nailf. 


(b)  If  Other  than  cement-coated  nails  are  used,  25  per  cent  more 
nails  shall  be  driven  than  specified  for  cement-coated  nails.  Plain 
nails  driven  through  and  clinched  may  be  used  for  cleating. 

12.  The  size  of  nails  to  be  used  is  determined  by  the  spedes  and 
thickness  of  the  material  in  which  the  points  of  the  nails  are  held,  and 
shall  be  in  accordance  wjth  the  following  table: 

Size  of  Cement-Coated  Nau^  for  Different  Species  and  Thickness 

OF  Material. 

(Hw  nies  of  luulfl  are  ftven  in  "penny**.) 


Thickness  of  Ends  or  Cleats  to  Which  Sides, 
Tops  and  Bottoms  ve  Nailed,  in. 

ThioknessofSidesto 
Which  Top  and  Bottom 
•reNiSted.in. 

Spedes  of  Wood 
HoldinKNuli. 

f 

or 
less 

A 

J 

A 

i 

or 

i 

« 

I 

Lem 

than 

1 

i 

to 

A 

1 
to 

I 

4 
4 

3 
3 

5 

4 
4 
3 

5 
6 

4 
4 

6 
6 
6 

4 

7 
6 
6 
4 

8 

7 
6 
5 

8 
7 
7 
6 

0 
8 

7 
7 

4 
4 

3 
3 

6 
5 

4 
4 

7 

Group  II  woods 

Q 

Groap  III  woods 

5 

Group  IV  woods 

5 

Nom. — ^If  the  deagnated  penny  of  nail  is  not  available,  the  next  bwer  penny  shall  be  used,  and  the  naib  spaced 
proportionately  closer. 

13.  (a)  The  spacing  of  nails  holding  the  side,  top  or  bottom  to 
the  ends  of  a  box  shall  be  as  follows: 

Spacb  Whbn  Duvbn  into 
Size  op  Nails,    *  Side  Gkain      End  Grain 

"penny."  of  End.  of  End. 

6  or  less 2   in.  If  in. 

7 2i  "  2     " 

8 24  "  21    •• 

9 2i  "  2i    " 

10 3    "  2f    " 

(In  order  to  ascertain  the  number  of  nails  to  be  used,  divide  the  width  of  the 
side,  top  or  bottom  (or  length  of  cleat)  by  the  spacing  specified  for  the  size  of  nails 
to  be  used.  Fractions  in  the  result  greater  thaji  i  if  the  points  of  nails  are  to  be 
held  in  the  end  grain,  and  greater  than  }  if  the  points  of  nails  are  to  be  held  in  the 
side  grain,  will  be  considered  as  a  whole  number.) 

(b)  When  side  nailing  is  used  the  spacing  of  nails  holding  top  aiid 
bottom  to  sides  shall  be  6  to  8  in.  When  the  material  in  the  sides  is 
less  than  J  in.  in  thickness,  side  nails  shall  not  be  used,  unless  otherwise 
specified. 

(c)  No  boards  shall  have  less  than  two  nails  at  each  nailing  end, 
except  boards  less  than  2^  in.  in  width,  which  are  butt-jointed  or 
matched  and  fastened  with  corrugated  fasteners  as  specified  in  Section 
8  (b)  may  have  only  one  nail.      When  cleats  of  the  thickness  of 
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the  ends  are  used,  the  nails  shall  be  driven  in  the  ends  and  cleats 
alternately. 

(d)  When  box  ends  are  cleated,  the  spacing  of  nails  holding  cleats 
and  ends  together  shall  be  the  same  as  the  spacing  of  the  nails  holding 
the  adjacent  side,  top,  or  bottom  to  the  end.  Each  piece  of  the  end 
shall  be  nailed  to  each  cleat  with  not  less  than  two  nails,  except  that 
end  boards  less  than  2|  in.  in  width  which  are  butt- jointed  or  matched 
and  fastened  with  corrugated  fasteners  as  provided  for  in  Section  8  (6) 
may  have  only  one  nail. 


»  5  J  t  i  I  ?  i 

WidfhofStrap/m. 


200        400        600        800        1000 
Gross  Wei9hf  of  Box  and  Conients.lb. 


Pig.  2. — Chart  for  Determining  Size  of  Strap. 

(e)  Nails  attaching  cleats  to  ends  shall  be  of  sufficient  length  to 
penetrate  both  thicknesses  of  lumber  and  allow  for  clinching.  Either 
cement-coated  or  plain  nails  may  be  used. 

(/)  When  cleats  are  thicker  than  the  ends,  nails  shall  be 
driven  through  the  end  boards  into  the  cleats  and  clinched. 

14.  Nails  shall  be  driven  flush. 

(Over-driving  of  nails  materially  weakens  the  container.) 


Driving  of 
NftUf. 


V.    STRAPPING  OP  BOXES. 

15.  When  boxes  are  specified  to  be  strapped  with  flat  metal  strapping, 
straps,  either  (l)  unannealed  straps  without  nails  or  (2)  annealed  or 
unannealed  straps  nailed  on,  shall  be  used,  subject  to  the  following 
requirements: 
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(a)  When  the  straps  are  nailed  on,  they  shall  be  placed  around 
the  ends  of  the  box  and  held  in  position  by  the  same  size  nails  spaced 
twice  the  distance  specified  for  holding  the  box  parts  together. 

(6)  Metal  fasteners  used  to  hold  the  ends  of  nailless  straps  together 
shall  have  not  less  than  75  per  cent  of  the  tensile  strength  of  the  strap. 

(c)  All  straps  shall  be  drawn  tight  so  as  to  sink  into  the  comers  of 
the  box. 

(d)  When  two  or  three  nailless  straps  are  used,  one  shall  be  placed 
approximately  one-sixth  of  the  length  of  the  box  from  each  end. 

{e)  Fig.  2  gives  the  size  of  straps  to  be  used  on  various  gross 
weights  of  boxes.  Starting  with  the  weight  of  box  and  contents,  move 
directly  upward  to  the  curve  for  the  number  of  straps  decided  upon; 
then  move  to  the  left  to  an  intersection  with  the  line  representing  the 
thickness  of  straps  to  be  used.  The  first  vertical  line  at  or  beyond 
this  point  of  intersection  represents  the  width  of  strap  required; 
or,  move  to  the  left,  as  above,  to  the  vertical  line  representing  the 
width  of  strap  decided  upon  and  the  first  diagonal  line  above  this 
point  of  intersection  represent  the  thickness  of  strap  required. 

(/)  Material  wider  than  f  in.  or  thicker  than  0.023  in.  is  not 
ordinarily  used  for  nailless  strapping. 
Thickneff  of  16.  The  thicknesses  specified  for  sides,  tops,  and  bottoms  of 

sSipped        unstrapped  nailed  boxes  may  be  reduced  to  the  thickness  indicated 
Boxes.  below,  when  metal  straps  are  used: 

Thickness  op  Sross.  Tops,  and 

„  _  Bottoms  of  Stkappbd  Boxss,  in. 

Spbcifibd  Thickness  op 

Sides.  Tops,  and  Bottoms  op  Two  ok  More 

Unstrapped  Boxes,  in.  One  Strap.  Straps. 

i f  i 

H I  i 

i i  I 

A A  A 

i I  A 

A A  1 

I A  J 
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TENTATIVE  SPECIFICATIONS 

FOR 

COTTON  RUBBER-LINED  FIRE  HOSE  FOR  PRIVATE 
FIRE  DEPARTMENT  USE.» 

Serial  Designation :   D  14  -  22  T. 

This  is  a  Tentative  Standard  only,  published  for  the  purpose  of  eliciting  criti- 
cism and  suggestions.  It  is  not  a  Standard  of  the  Society  and  until  its  adoption  as 
Standard  it  is  subject  to  revision. 

Issued,  1921;  Revised,  1922. 

1.  These  specifications  apply  to  cotton  rubber-lined  hose  for  Material 
private  use  for  fire  protection  purposes.    They  cover  the  following    •^•'•*- 
sizes:    1^-in.  single  and  double- jacketed;    2-in.  single  and  double 
jacketed;   2^-in.  single,  double  and  triple- jacketed;  3-in.  double  and 
triple- jacketed;  3|-in.  double  and  triple- jacketed. 


I.    MANUFACTURE. 

2.  (a)  The  jacket  or  jackets  shall  be  well,  evenly  and  firmly  Cotton 
made  from  good  cotton,  as  free  from  unsightly  defects,  dirt,  knots,  '•^'*** 
lumps  and  irregularities  of  twist  as  is  consistent  with  good  manu- 
facturing practice. 

(b)  The  cotton  jackets  shall  be  seamless  and  have  the  fillers 
woven  around  the  hose  throughout  its  length  and  the  warps  inter- 
woven with  and  covering  the  fillers.  Where  more  than  one  jacket 
is  prescribed,  they  may  be  separate  or  interwoven. 

3.  (a)  The  lining  shall  be  made  of  a  properly  vulcanized  rubber  Rubber 
compound  which  will  comply  with  all  of  the  tests  specified  in  Section  8.  ""***« 
It  shall  consist  of  not  less  than  three  calendered  sheets  in  one  solid 
body  and  shall  be  lap-jointed  with  the  lap  as  small  and  neat  as  is 
consistent  with  good  results. 

(i)  The  lining  shall  be  smooth  and  practically  free  from  pitting 
and  other  imperfections  and  from  corrugations. 


1  These  Tentative  Specifications  are  in  effect  a  revision  of  the  Standard  Specifications  for  Cotton 
Rubber-Lined  Fire  Hose  for  Private  Department  Use.  The  Standard  Specifications,  which  were 
last  published  under  the  Serial  Designation:  D  14-15.  have  accordingly  been  withdrawn. 

Criticisms  of  these  Tentative  Specifications  are  solicited  and  should  be  direeted,  preferably 
before  January  1,  1923.  to  Mr.  C.  B.  Martin.  Secretary  of  Committee  D-11  on  Rubber  Products, 
Room  850.  466  Lexington  Ave..  New  York  City. 
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FlezibUity. 

Workman- 
fhip. 


Standard 
Methodf. 


Sampling. 


Tea tf  of 

Robber 
Lining. 


(c)  The  Uning  shall  be  of  uniform  thickness  and  not  less  than 
the  lower  limit  nor  more  than  the  upper  limit  given  in  item  (b)  of 
Table  I,  exclusive  of  the  backing. 

(J)  The  backing,  if  used,  shall  not  exceed  0.028  in.  in  thickness. 
It  need  not  be  of  the  same  composition  as  the  rubber  Uning,  but  the 
adhesion  between  the  rubber  lining  and  the  cotton  jacket  shall  comply 
with  the  test  specified  in  Section  9. 

4.  The  hose  shall  be  flexible  and  easQy  coiled. 

5.  The  character  of  the  workmanship  shall  be  such  as  is  incident 
to  good  manufacturing  practice. 


Table  I. 

Bise  and  Number  of  Jaeketa. 

Pfoptfty. 

Ii4n 

24n. 

2i.in. 

3-in. 

Si-in. 

Single. 

DooUe. 

Single. 

Double. 

Single. 

Double. 

IViple. 

Double. 

Triple. 

Double. 

Triple. 

(«)  Prescribed  intflrnal  cfi- 
amattf.in 

(»)  ThidoMMrabberliiuDg. 
in 

0.049 

to 
0.066 

300 

500 

260 

13 

60 

7 

31 

300 

li 

0.049 

to 
0.065 

400 

600 

300 

9 

29 

noDo 

42 

400 

2 

0.049 

to 
0.065 

300 

500 

260 
13 
60 
7 
29 

300 

2 

0.049 
-   to 
0.065 

400 

600 

300 

9 

29 

none 

58 

400 

2J 

0.058 

to 
0.072 

300 

500 

250 

13 

25 

4 

40 

300 

2i 

0.058 

to 
0.072 

400 

600 

300 

9 

15 

none 

70 

400 

2j 

0.058 

to 
0.072 

400 

600 

300 

0 

15 

none 

86 

400 

3 

0.058 

to 
0.072 

400 

600 

260 

0 

15 

none 

93 

400 

3 

0.058 

to 
0.072 

400 

600 

250 

9 

15 

none 

iis 

400 

3i 

0.072 

to 
0.095 

400 

600 

260 

9 

15 

none 

i'lb 

400 

3) 
0  072 

(e)  Test  preMure  on  every 
(3-f  t  nmplee)  lb.  per 

to 
0.095 

400 
600 

(«)  EkSi  tert  preeeure.  lb.' 
per  sq.  m 

250 

(f)  Eloogfttion,  per  cent. . . . 

(a)  Twist,  deg.  per  ft 

(k)  Rim,  in. 

9 
15 

(0  W«ght,iniiL.Ib 

Weight,  max.,  lb 

(i)  Test  praoBiire  marking, 
lb.  Der  80.  in. 

135 
400 

II.    PHYSICAL.  PROPERTIES  AND  TESTS. 

6.  The  tests  necessary  to  determine  the  physical  properties  which 
are  prescribed  in  the  following  sections  shall  be  made  in  accordance 
with  the  Tentative  Methods  of  Testing  Rubber  Products  (Serial 
Designation:  D  15-22  T)  of  the  American  Society  for  Testing 
Materials.* 

7.  Samples  shall  be  taken  both  as  regards  number  and  location 
at  the  discretion  of  the  inspector.  All  test  specimens  shall  be  cut 
transversely  from  the  sample. 

8.  (a)  The  tensile  strength  shall  be  not  less  than  1600  lb.  per 
sq.  in.  when  tested  one  month  or  less  from  date  of  final  vulcanization, 
and  not  less  than  1200  lb.  per  sq.  in.  when  tested  more  than  one 
month  but  not  over  one  year  from  date  of  final  vulcanization. 

>SeeIp.947. 
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(b)  The  tensile  strength  after  subjection  to  a  dry  heat  of  158®  F. 
(70®  C.)  for  a  period  of  four  successive  days  of  24  hours  each  shall  be 
not  less  than  900  lb.  per  sq.  in.  This  test  shall  be  made  within  three 
months  from  date  of  final  vulcanization. 

(c)  The  elongation  when  rupture  occurs  iuimaking  the  tension 
test  (Paragraph  (a) )  shall  be  sudi  that  the  original  2-in.  gage  length 
shall  stretch  to  not  less  than  12  in.,  when  tested  one  month  or  less 
from  date  of  final  vulcanization,  and  not  less  than  10  in.  when  tested 
more  than  one  month  but  not  over  one  year  from  date  of  final  vul- 
canization. 

(d)  The  permanent  elongation  or  set  following  a  stretch  from  2 
to  10  in.  shall  not  exceed  25  per  cent  when  tested  one  month  or  less 
from  date  of  vulcanization.  When  tested  more  than  one  month  but 
not  over  one  year  from  date  of  final  vulcanization,  it  shall  not  exceed 
25  per  cent  following  a  stretch  from  2  to  8  in. 

9.  The  adhesion  between  the  lining  and  the  cotton  jacket  shall  Friction  Test, 
be  such  that  the  rate  of  separation  of  the  lining  from  the  jacket  of  a 

test  piece  1^  in.  in  width  shall  be  not  greater  than  one  inch  per  minute 
with  the  application  of  a  weight  of  12  lb. 

10.  (a)  Each  length  of  hose  shall  be  subjected  to  the  hydrostatic  Hydrostatic 
pressure  specified  in  item  {c)  of  Table  I  for  five  seconds  without  x#tJJ"* 
leaking  in  the  hose  or  at  the  couplings  or  breaking  any  threads  in  the 
jacket. 

(p)  A  3-ft.  sample  in  every  lot  of  3000  ft.  of  hose  or  less  shall, 
while  Ijring  either  straight  or  curved  to  a  radius  of  27  in.,  withstand 
without  failure  the  hydrostatic  pressure  specified  in  item  (d)  of 
Table  I. 

(c)  One  full  length  in  every  lot  of  500  ft.  of  hose  or  less  shall, 
while  kinked,  withstand  without  failure  the  hydrostatic  pressure 
specified  in  item  (e)  of  Table  I  appUed  for  five  seconds. 

11.  The  elongation  of  the  hose  when  tested  as  prescribed  in  sioncatioa 
Section  10  (a)  shall  not  exceed  the  percentage  of  the  length  measured 

under  a  pressure  of  10  lb.  per  sq.  in.  which  is  specified  in  item  (/)  of 
Table  I. 

12.  When  tested  as  prescribed  in  Section  10  (a),  the  hose  shall  Twistug. 
not  twist  more  than  the  amoimt  given  in  item  (g)  of  Table  I.    The 
twisting  shall  be  in  the  direction  which  will  tighten  rather  than  loosen 

the  couplings. 

13.  When  subjected  to  the  test  prescribed  in  Section  10  (a),  the  Wiping. 
hose  shall  not  rise  more  than  the  distances  specified  in  item  (h)  of 
Table  I,  from  the  level  of  the  test  table  or  test  floor  or  warp  more  than 

20  in.  from  a  straight  line  drawn  from  center  to  center  of  the  couplings. 
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III.    CHEMICAL  PROPERTIES  AND  TESTS. 

14.  The  chemical  tests  required  by  the  following  chemical  require- 
ments shall  be  made  in  accordance  with  the  Tentative  Methods  of 
Testing  Rubber  Products  (Serial  Designation:  D  15  -  22  T)  of  the 
American  Society  for  Testing  Materials.* 

15.  Samples  shall  be  taken  both  as  regards  number  and  location 
at  the  discretion  of  the  inspector. 

16.  (a)  In  the  analysis  of  the  rubber  lining,  the  acetone  extract 
shall  not  exceed  4  per  cent;  the  alcoholic  potash  extract  shall  not 
exceed  ij  per  cent;  the  chloroform  extract  shall  not  exceed  2  per 
cent;  the  ash  shall  be  not  less  than  50  per  cent  nor  more  than  57  per 
cent;  the  total  sulfur  (excluding  barytes)  shall  not  exceed  4  per  cent; 
and  the  free  sulfur  shall  not  exceed  1}  per  cent.  All  percentages 
shall  be  by  weight  of  the  total  compoimd. 

(b)  The  sum  total  of  the  results  of  the  tests  of  the  rubber  lining 
for  acetone  extract,  alcoholic  potash  extract,  chloroform  extract,  ash 
and  total  sulfur  (exclusive  of  barytes)  shall  not  exceed  67  per  cent 
by  weight  of  the  total  compound. 

IV.    DIMENSIONS  AND  WEIGHTS. 

17.  The  hose  shall  have  an  internal  diameter  of  not  less  than 
the  diameter  ordered  and  shall  be  furnished  in  lengths  averaging  50  ft. 

18.  The  weight  of  each  50-ft.  length  of  hose  complete  with 
couplings  shall  be  in  accordance  with  the  amount  specified  in  item  (i  ) 
of  Table  I. 

V.    COUPLINGS. 

19.  Couplings  shall  be  of  the  t)T)e  ordered  but  unless  otherwise 
sjyecified,  they  shall  conform  to  Sections  20  to  25,  inclusive,  and 
Section  28. 

20.  The  couplings  shall  be  made,  finished  and  fitted  in  a  work- 
manlike manner  throughout.  The  inside  diameter  throughout  the 
couplings  shall  be  not  less  than  the  nominal  inside  diameter  of  the  hose 
to  which  they  are  connected. 

21.  The  couplings  shall  be  of  the  expansion-ring  pattern,  of  ample 
strength,  and  of  the  best  form  to  resist  the  stress  of  expanding  the 
binding  ring  in  the  coupling,  and  shall  have  a  tail  part  sufficiently 
long  to  extend  i  in.  beyond  the  end  of  the  expansion  ring.  The  ring 
shall  be  at  least  1^  in.  in  length. 

22.  The  couplings  shall  be  made  of  an  alloy  of  copper,  tin  and 
zinc  (and  lead  if  desired)  of  the  following  proportions: 

>  See  p.  947. 
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Copper not  under  83  per  cent 

Tin "       "       5 

Zinc "     over     7 

Lead "       "        3       " 

23.  The  weight   of   complete   couplings,   including  male  and  Weight, 
female  ends,  swivel,  and  the  expansion  rings,  shall  be  not  less  than 

the  values  specified  in  Table  II. 

24.  (a)  The  swivels  of  the  couplings  shall  be  provided  with  rubber  Gasket  and 
gaskets  of  the  same  quality  as  the  rubber  lining,  at  least  A  in.  thick,  ^••'*•'• 
and  accurately  fitted. 

Table  II. — ^Weight  of  Couplings. 

Wbigrt,  Coiiplxtb.  lb. 

iVOMDCAL  DlAMBTXR  SiNGLB  DOUBLB  TrIPLB 

OP  Hosb.  m.                         Jackbt.  Jackbt.  Jacket. 

1} 1.5  2.0 

2 2.5  3.0       

2J 4.0  5.0 

3 8.0  10.0 

3i 12.0  14.0 

{b)  The  couplings  shaU  have,  inside  each  expansion  ring,  a  rubber 
washer  at  least  ^  in.  in  thickness  and  with  inside  diameter  not  less 
than  that  of  the  coupling. 

(c)  The  inside  diameter  of  the  gasket  and  the  washers  when  in 
position  in  the  couplings  shall  be  not  less  than  the  inside  diameter  of 
the  hose  to  which  the  coupling  is  attached. 

25.  Wherever  practicable  and  not  otherwise  specified,  the  thread  Thread, 
shall  be  the  "National  Standard"  thread  adopted  in  1906  by  the 
National  Fire  Protection  Association. 

26.  The  couplings  shall  be  attached  to  the  hose  in  a  workman-  Attachment 
like  manner  without  cutting  the  lining  or  rupturing  the  cotton  jacket.  ®'  Coupiingg. 
They  shall  withstand  the  hydrostatic  pressure  tests  described  in 

Section  10  (a)  without  the  use  of  tape  or  rubber  tissue  as  a  filler. 

VI.    MARKING. 

27.  Beginning  at  a  point  approximately  4  ft.  from  the  couplings,  Hose, 
each  50-f t.  length  of  hose  shall  be  stenciled  at  two  places  in  black 
indelible  letters  1  in.  high  with  the  legend  **A.S.T.M.  Specifications", 

the  name  of  the  manufacturer,  the  month  and  year  of  manufacture, 
and  the  words  "Tested  at  —  lb.,"  the  pressure  stated  to  be  that 
given  in  item  (j )  of  Table  I. 

28.  Both  male  and  female  couplings  shall  be  stamped  with  the  Couplings 
name  of  the  manufacturer  and  the  month  and  year  of  manufacture  in 
letters  and  figures  not  less  than  |  in.  high. 
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VII.  inspection  and  rejection. 

intp^etion.  29.  (a)  The  manufacturer  shall  notify  the  purchaser  sufficiently 

in  advance  of  the  completion  of  the  hose  to  permit  of  arrangement 
for  inspection. 

(b)  The  manufacturer  shall  afford  the  inspector  representing  the 
purchaser,  without  charge,  all  reasonable  facilities  to  satisfy  him  that 
the  hose  is  being  furnished  in  accordance  with  these  specifications. 
All  tests  and  inspection  shall  be  made  at  the  place  of  manufacture 
prior  to  shipment,  unless  otherwise  specified,  and  shall  be  so  con- 
ducted as  not  to  interfere  unnecessarily  with  the  operation  of  the 
works; 

(c)  The  purchaser  may  make  the  tests  to  govern  the  acceptance 
or  rejection  of  the  hose  in  his  own  laboratory  or  elsewhere.  Such 
tests,  however,  shall  be  made  at  the  expense  of  the  purchaser. 

R«jectioii.  30.  (a)  Each  length  of  hose  that  fails  in  the  tests  prescribed  in 

Sections  10  (a),  11,  12  or  13  shall  be  rejected. 

(b)  In  the  case  of  failure  to  pass  the  tests  prescribed  in  Sections 
8,  9,  10  (6)  or  10  (c),  two  additional  samples  shall  be  subjected  to  the 
test  in  which  failure  occurred.  If  either  of  these  two  additional 
samples  fails,  the  lot  of  hose  from  which  they  were  taken  shall  be 
rejected. 

R«h«ariiic.  31.  Samples  of  rejected  hose  shall  be  preserved  for  two  weeks 

from  the  date  of  test  report.  In  case  of  dissatisfaction  with  the 
results  of  the  tests,  the  manufacturer  may  make  claim  for  a  rehearing 
within  that  time. 
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TENTATIVE  SPECIFICATIONS 

FOR 

ADHESIVE  TAPE  FOR  GENERAL  USE  FOR  ELECTRICAL 

PURPOSES.' 

Serial  Designation :   D  69  -  22  T. 

This  is  a  Tentative  Standard  only,  published  for  the  purpose  of  elidtinfir  criti- 
cism and  suggestions.  It  is  not  a  Standard  of  the  Society  and  until  its  adoption  as 
Standard  it  is  subject  to  revision. 

Issued,  1920;  Revised,  1921,  1922. 

1.  These  specifications  cover  commercial  adhesive  tape  (also  Material 
called  "friction"  tape)  consisting  of  strips  of  cotton  sheeting  impreg-  ^^•'•**- 
nated  with  an  adhesive  insulating  compound.    The  tape  is  for  general 

use  for  covering  electrical  insulation  applied  to  wires  and  cables. 

I.    MANUFACTURE. 

2.  The  cotton  sheeting  layer  shall  be  ma<Je  from  a  sheeting  evenly  Cotton 
and  firmly  woven  from  good  cotton  and  as  free  from  unsightly  defects,  ^^••**"*' 
dirt,  knots,  lumps  and  irregularities  of  twist  as  is  consistent  with  the 

best  manufacturing  practice.  The  threads  shall  run  in  as  straight 
lines  as  possible  without  waving  so  as  to  reduce  to  a  miniTnimn  the 
raveling  of  the  cloth  when  cut  into  tape. 

3.  The  frictioning  compound  shall  be  an  adhesive  and  insulating  Frictioning 
compound  practically  free  from  free  sulfur  or  other  substances  which  Compound, 
would  have  a  deteriorating  effect  on  copper  or  other  metals  or  on  the 

fabric. 

4.  The  fabric  shall  be  thoroughly  impregnated  and  evenly  covered  impregBation 
on  both  sides  with  the  frictioning  compound.   .  •'  Fabric 

5.  The  compound  shall  adhere  finnly  to  the  fabric  and  shall  not  AdhotiTaneti 
pull  away  from  the  fabric  so  as  to  leave  bare  spots  when  adjacent  •'  Co»P«»n<* 
layers  of  the  tape  are  separated. 

>  Criticism!  of  these  Tentative  Spectfieatioas  are  solicited  and  should  be  directed,  pcelsfmbly 
before  January  1.  1923.  to  Mr.  C.  B.  Martin,  Secretary  of  Committee  D-ll  on  Rubber  PMdveli. 
Room  850.  466  Lexington  Ave..  New  Yorlc  aty. 

(931) 
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II.    CHEMICAL  PROPERTIES. 

6.  When  the  tape  is  wrapped  on  a  clean,  bright,  smooth  copper 
rod  and  baked  at  100°  C.  for  16  hours,  the  copper  shall  not  show 
the  blue-black  color  characteristic  of  copper  sulfide. 

III.    PHYSICAL  PROPERTIES  AND  TESTS. 

7.  When  the  tape  is  held  before  a  strong  light,  the  number  of 
pin  holes  shall  be  determined  in  a  length  of  not  less  than  3  yd.  The 
number  of  pin  holes  shall  not  exceed  the  Umits  given  in  the  foUowing 
table: 

Maximum  Maximum 

Number  Numbbb  in 

Width,  in.                                                                                      in  3  Yd.  Any  Simgls  Yd. 

i 6  3 

1 6  3 

1 9  4 

IJ 12  5 

2 15  6 

8.  The  tensile  strength  of  the  tape  shall  be  not  less  than  40  lb. 
per  inch  of  width.  The  initial  distance  between  the  jaws  of  the 
testing  machine  shaU  be  12  in.  and  the  rate  of  separation  of  the  jaws 
shall  be  20  in.  per  minute. 

9.  (a)  The  adhesion  between  adjacent  layers  of  the  tape  shall 
be  such  that  when  a  strip  of  tape  2  ft.  long  is  taken  from  a  roll  and 
wound  upon  a  mandrel  1  in.  in  diameter  under  a  tension  of  10  lb.  per 
inch  of  width  at  a  rate  of  30  in.  per  minute,  and  allowed  to  stand  for 
three  minutes  with  the  weight  attached,  a  weight  of  4  lb.  per  inch 
of  width  shall  not  cause  the  pUes  to  separate  at  a  rate  greater  than 
30  in.  per  minute. 

The  test  shall  be  made  at  a  room  temperature  not  less  than  21.1° 
C.  (70°  F.)  nor  more  than  23.9°  C.  (75°  F.),  the  sample  having  been 
kept  within  these  limits  for  at  least  30  minutes  immediately  preceding 
the  time  of  testing. 

The  mandrel  shall  be  so  free  in  its  bearings  that  a  weight  of  1  oz. 
will  cause  it  to  revolve  freely  when  suspended  from  a  cotton  string 
wound  in  a  single  layer  on  the  center  of  the  mandrel. 

(6)  After  a  strip  has  been  exposed  to  dry  air  at  a  temperature  of 
not  less  than  99°  C.  (210.2°  F.)  nor  more  than  101°  C.  (213.8°  F.)  for 
16  hours  and  then  cooled  to  room  temperature,  a  test  specimen  shall 
withstand  the  test  prescribed  in  Paragraph  (a)  except  that  the  weight 
applied  to  unwind  the  tape  shall  be  1^  lb.  per  inch  of  width  instead 
of  4  lb. 

10.  The  test  for  dielectric  strength  shall  be  made  as  follows. 
The  tape  shall  be  spirally  woimd  with  one-third  lap  on  a  smooth 
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tnetal  rod,  1  in.  in  diameter,  for  a  distance  of  6  in.  Two  inches  in 
the  center  shall  be  covered  with  metal  foil  and  securely  bound  with  . 
tape.  Alternating  potential  of  1000  volts  (r.m.s.  value)  and  having  a 
frequency  not  exceeding  65  cycles  per  second  shall  be  applied  for  five 
minutes  to  the  metal  rod  and  the  metal  foil  without  puncturing  the 
tape. 

11.  One  roll  for  each  250  rolls  shall  be  taken  at  random  for  Test 
test.    At  least  2  ft.  of  the  outer  layers  shall  be  removed  and  discarded  Samples, 
before  taking  specimens  for  test. 

IV.    STANDARD  WEIGHT.  DIMENSIONS  AND  VARIATIONS. 

12.  The  tape  shall  conform  to  the  following  requirements:  WeUhtt, 

DimentloiiB 
Nominal       Mindium       Minimum  ^^^  Tardas«. 

WiiGHT     Nrr  Wbight     Length 
Width.  Thickness,  pkr  Roll.       fir  100      pkr  Pound* 

IN.  IN.  LB.  Rolls,  lb.«         Yd.' 

i 0.015  i  25  82 

} 0.015  i  50  55 

1 0.015  i  50  41 

li 0.015  lorli  100 or  125  27 

2 0.015  li  150  20 

'  Exclusive  of  core,  wrapping  and  box. 

13.  The  thickness  shall  be  measured  with  a  micrometer  graduated  MMturt- 
to  0.001  in.,  having  a  circular  foot,  0.24  to  0.26  in.  in  diameter  and  ",JjJ^^,g 
with  a  pressure  on  the  specimen  of  not  less  than  8  oz.  nor  more  than 

10  oz.     Five  measurements  shall  be  made  at  random  in  a  length  of 
not  less  than  3  ft.  and  no  lesult  shall  be  outside  the  limits  prescribed. 

14.  The  width  shall  not  vary  from  the  specified  value  by  more  PMmitBibie 
than  A  in.    The  thickness  shall  not  vary  from  the  specified  value  by  VBrUtioiii. 
more  than  0.002  in. 

V.    PACKING  AND  MARKING 

15.  Each  roll  shall  be  wrapped  in  paraffined  paper  or  metal  foil  PacUnc. 
and  enclosed  in  a  suitable  box.     The  wrapping  shall  be  secure  and 

shall  thoroughly  protect  the  contents. 

16.  Each  box  shall  be  marked  with  the  name  of  the  manufac-  MarUng. 
turer  or  a  trade  mark  together  with  the  nominal  width  and  weight 

of  the  tape. 

VI.     INSPECTION  AND  REJECTION. 

17.  The  tape  shall  be  inspected  and  tested  within  four  weeks  Tim«of 
from  the  date  of  delivery.  ingpaction. 

18.  If  the  tape  faik  in  any  one  test  of  those  prescribed  in  these  R«tMUand 
specifications,  two  additional  specimens  will  be  taken  and  submitted  i^«3«ctioni. 
to  that  test.    If  either  of  these  two  additional  specimens  fails,  the  lot 

of  tape  represented  by  that  sample  shall  be  rejected. 
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TENTATIVE  SPECIFICATIONS 
FOR 

RUBBER  INSULATING  TAPE.' 

Serial  Designatioii:   D  119  -  22  T. 

This  is  a  TentatiTe  Standard  only,  published  for  the  purpose  of  eliciting  criti- 
cism and  suggestions.  It  is  not  a  Standard  of  the  Society  and  until  its  adoption  as 
Standard  it  is  subject  to  revision. 

Issued,  1921;  Revised,  1922. 

1.  These  specifications  cover  rubber  insulating  tape  to  be  used 
for  insulating  joints  in  electric  wires  and  cables. 

I.    MANUFACTURE. 

2.  The  tape  shall  be  a  rubber  compound  which  shall  be  well, 
evenly  and  smoothly  calendered,  cut  to  uniform  width  and  tightly 
wound  in  rolls  with  a  glazed  cloth,  parchment  paper  or  a  Unen 
separator  interposed  between  adjacent  layers. 

3.  The  separator  shall  be  attached  to  and  cover  the  outer  side 
of  the  tape.  When  unwound  from  the  original  roll,  it  shall  show  no 
undue  tendency  to  stick  to  the  rubber. 

II.    CHEMICAL  PROPERTIES  AND  TESTS. 

4.  The  tape  shall  be  a  rubber  compoimd  containing  not  less  than 
30  per  cent  of  the  best  quality  Hevea  rubber,  not  more  tiian  one  per 
cent  of  free  sulfur  and  not  more  than  4  per  cent  of  waxy  hydrocarbons. 

The  remainder  shall  consist  only  of  suitable  dry  inorganic  mineral 
fillers.  The  compound  shall  contain  no  reclaimed  rubber,  substitutes 
or  organic  matter  other  than  herein  above  specified.  All  percentages 
shall  be  based  on  the  weight  of  the  original  compound. 

5.  If  an  analysis  of  the  compound  is  made,  it  shall  be  carried  out 
in  accordance  with  Sections  J  5  to  47,  inclusive  (Joint  Rubber  Insulation 


>  Critidtms  of  these  Tentative  Specifications  are  solicited  and  should  be  directed,  preferably 
before  January  1.  1923.  to  Mr.  0.  B.  Martin.  Secretary  of  Committee  D-ll  on  Rubber  Products, 
Itoom  850.  466  Lexington  Ave..  New  York  City. 

•    (934)        •        ' 
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Committee's  Procedure),  of  the  Tentative  Methods  of  Testing  Rubber 
Products  (Serial  Designation:  D  15  -  22  T)  of  the  American  Society  for 
Testing  Materials,  with  the  following  exceptions: 

(a)  Omit  "chloroform  extract"  from  the  diagram  in  Fig.  1  and 
from  the  tabulation  in  Section  45. 

(6)  In  place  of  Section  20  substitute  the  following:  "Remove  the 
rubber  compoimd  from  the  separator  and  cut  into  as  thin  strips  as 
possible." 

(c)  Omit  Sections  25  and  33. 

(d)  In  Section  34,  substitute  "acetone"  for  "chloroform"  in  the 
first  and  second  lines. 

(e)  In  Section  38,  omit  "from  the  conductor"  in  the  third  and 
fourth  lines. 

(/)  In  Section  46,  omit  "and  chloroform"  and  substitute  "ex- 
tract" for  "extracts"  in  the  first  sentence.    Omit  the  second  sentence. 
(g)  In  Section  47,  omit  "chloroform  extract." 

III.    PHYSICAL  PROPERTIES  AND  TESTS. 

6.  (a)  The  tensile  strength  of  the  tape  shall  be  not  less  than  t«iiiU« 
300  lb.  per  sq.  in.  strength. 

(b)  The  tests  shall  be  made  with  a  power  driven,  penduliun-tjrpe 
tension  testing  machine;  the  initial  distance  between  the  jaws  shall 
be  3  in.  and  the  rate  of  separation  of  the  jaws  shall  be  20  in.  per 
minute.    The  width  of  the  test  specimen  shall  be  0.5  in. 

(c)  Three  specimens  of  each  sample  free  from  visible  flaws  shall 
be  tested.    The  average  result  shall  be  taken  as  the  tensile  strength. 

(d)  The  temperature  of  the  room  shall  be  not  lower  than  65^  F. 
(18*"  G.)  nor  higher  than  90*"  F.  (32''  C.)  and  the  samples  shall  have 
been  kept  within  these  temperature  limits  for  at  least  30  minutes 
previous  to  the  time  of  testing. 

7.  Two  brass-ball  sphere  electrodes  2  cm.  in  diameter  shall  be  Dielectric 
brought  so  close  together  that  the  sample  of  tape  can  be  just  moved  ®*'*"'*"- 
between  them.     The  tape  shall  withstand  without  puncturing  the 
application  of  a  potential  of  10,000  volts  (r.m.s.  value)  for  a  period 

of  five  minutes  applied  to  the  sphere  electrodes  at  a  frequency  not 
exceeding  65  cycles  per  second. 

8.  The  tape  when  wrapped  to  a  thickness  of  i  in.  and  heated  to  Fuiion. 
a  temperature  of  150^  F.  (65.5^  C.)  for  20  minutes  shall  fuse  into  a 
homogeneous  mass. 

9.  One  roll  for  each  250  rolls  shall  be  taken  at  random  for  test.  Test 
At  least  2  ft.  of  the  outer  layers  shall  be  removed  and  discarded  s*mpi««. 
before  taking  specimens  for  test. 
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IV.     standard  weights,  dimensions  and   VARIATIONS. 

10.  The  tape  shall  conform  to  the  following  requirements: 

Nominal        Minucum       Minimum 
WncBT     Nbt  Wkght     Lsnctb 

WlZ»TH,  TmCKNSSS,    FIR  ROLL,  PBR  100        PER  POOND, 

IN.                                                     IN.  LB.  Rolls.  lb.«  Yd> 

} 0.030  i                  50  261 

i 0.030  i                  50  174 

1 0.030  1                 100  13 

"  Exclusive  of  core,  wrapping  and  box. 

^  Exclusive  of  core,  wrapping,  box  and  separator. 

11.  The  width  shall  not  vary  from  the  specified  value  by  more 
than  ^  in.  The  thickness  shall  not  vary  from  the  specified  value 
by  more  than  0.003  in. 

12.  The  thickness  shall  be  measured  with  a  micrometer  graduated 
to  0.001  in.  having  a  circular  foot,  0.24  to  0.26  in.  in  diameter,  and 
with  a  pressure  on  the  specimen  of  not  less  than  8  oz.  or  more  than  10 
oz.  Four  measurements  shall  be  made  at  random  in  a  length  of  not 
less  than  3  ft.  and  no  measurement  shall  be  outside  the  limits  pre- 
scribed in  Sections  10  and  11. 

V.    PACKING  AND  MARKING. 

13.  Each  roll  shall  be  wrapped  in  paraflSned  paper  or  metal  foil 
and  enclosed  in  a  suitable  box.  The  wrapping  shall  be  secure  and 
shall  thoroughly  protect  the  contents. 

14.  Each  box  shaU  be  marked  with  the  name  of  the  manufacturer 
or  trade  mark  and  the  nominal  width  and  weight  of  the  tape. 

VI.    INSPECTION  AND  REJECTION. 

15.  The  tajyc  shall  be  tested  and  inspected  within  four  weeks  of 
the  date  of  delivery. 

16.  If  the  tape  fails  in  any  one  test  of  those  prescribed  in  these 
specifications,  two  additional  specimens  shall  be  taken  and  submitted 
to  that  test.  If  either  of  these  two  additional  specimens  fails,  the 
lot  of  tape  represented  by  that  sample  roD  shall  be  rejected. 
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TENTATIVE  SPECIFICATIONS 

FOR 

RUBBER  GLOVES  FOR  ELECTRICAL  WORKERS  ON 

APPARATUS  OR  CIRCUITS  NOT  EXCEEDING 

3000  VOLTS  TO  GROUND.* 

Serial  Designation:    D  120  -  22  T. 

This  is  a  Tentative  Standard  only,  published  for  the  purpose  of  eliciting  criti- 
cism and  suggestions.  It  is  not  a  Standard  of  the  Society  and  until  its  adoption  as 
Standard  it  is  subject  to  revision. 

Issued,  1921;  Revised,  1922. 

SPECIFICATIONS. 

1.  These  specifications  cover  electrical  workers'  rubber  gloves  of  Matwiai 

two  classes:  Corarad. 

Class  A, — Gloves  intended  for  use  without  external  protection. 
Class  B. --Gloves  intended  for  use  with  external  protection  of 
leather  or  other  material. 

I.     MANUFACTURE. 

2.  The  gloves  shall  be  made  by  the  "dipping"  process,  of  high-  ProcaM, 
grade  rubber  or  rubber  compound  properly  vulcanized,  and  shall  be 
reversible.     Unless  otherwise  specified  cuff  edges  shall  be  finished 

with  a  roll. 

II.    PHYSICAL  PROPERTIES  AND  TESTS. 

3.  All  tests  shall  be  made  in  accordance  with  the  methods  Mathodt. 
described  in  Sections  15-26  inclusive. 

(.4)  Electrical. 

4.  (a)  Each  glove  shall  withstand,  an  alternating  potential  of  voiug««Bd 
10,000  volts   (r.m.s.  value)   for   three  minutes  without  showing  a  ^•^^^ 
leakage  current  of  more  than  10  milliamperes  at  any  time  during  the 

test. 

(b)  Each  glove  shall  be  capable  of  withstanding  the  application 
of  the  following  voltage  (r.m.s.  value)  for  one  minute  without  showing 
a  leakage  current  in  excess  of  tiiat  given  below: 

*  Criticisms  of  these  Tentative  Specifications  are  solicited  and  should  be  directed,  prslerably 
before  January  1.  1923,  to  Mr.  C.  B.  Martin.  Secretary  of  Committee  D-1 1  on  Rubber  Products,  Room 
850.  466  Lexington  Ave.,  New  York  City. 
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Volts.    Miixiaicpxrbb. 

Class  A 16  000  18 

Class  B 14  000  14 

(B)  Mechanical. 
TeniU*  5.  A  standard  test  specimen  cut  from  any  glove  shall  have  the 

Bi^n'^oii   following  physical  properties: 
and  Set.  (^)  Tj^e  tensile  strength  shall  be  not  less  than  1200  lb.  per  sq.  in. 

(b)  The  total  elongation  at  rupture  shall  be  not  less  than  500 
per  cent  in  2  in.  (2  in.  stretched  to  12  in.). 

(c)  The  set  following  a  stretch  from  2  to  12  in.,  shaD  not  exceed 
0.7  in. 

III.    STANDARD  SIZES  AND  DIMENSIONS. 
Size  and  6.  (a)  The  size  of  each  glove  shall  be  as  specified  subject  to  a 

Length.       permissible  variation  of  :*»J  in.  and  shall  be  expressed  in  inches  as 
measured  around  the  palm  at  the  base  of  knuckles. 

(b)  Unless  otherwise  specified  the  length  of  each  glove  from  the 
tip  of  the  second  finger  to  the  edge  of  cuff,  shall  be  14  in.  subject  to  a 
permissible  variation  of  =*=  J  in. 
Thickness.  7.  The  respective  thicknesses  of  the  two  classes  of  gloves  in 

inches  shall  be  within  the  following  limits: 

Paxt  of  Glovx  Otbxr  than  Crotch.  Crotch. 

Maximubc    Minimum.  Maximum.       Minimum. 

ClassA 0.065  0.050  0.065  0.038 

Class  B 0.050  0.030  0.050  0.022 


IV.    WORKMANSHIP  AND  FINISH. 
Surface  8.  Gloves  shall  be  free  from  patches,  blisters,  pinholes,  cracks, 

protuberances,  embedded  foreign  matter  or  other  physical  defects 
which  can  be  detected  by  thorough  surface  inspection. 


Defects. 


v.    MARKING  AND  PACKING. 

Markiog.  9.  Unless  Otherwise  specified  each  glove  shall  be  marked  with 

the  manufacturer's  name  and  the  size  of  glove.  Such  marking  shall 
be  confined  to  the  back  of  the  glove  and  shall  be  so  done  as  not  to 
injure  the  glove.    Indelible  and  non-conducting  ink  shall  be  used. 

PacUng.  10.  Each  pair  of  gloves  shall  be  packed  in  an  individual  stiff 

paper  box  of  suflSdent  strength  to  properly  protect  the  gloves.  The 
end  of  the  box  shall  be  marked  with  the  glove  size  and  in  the  case 
of  Class  B  gloves  with  the  words  "For  use  with  Protectors." 

VI.    GUARANTEE. 
Onarantea.  11.  The  manufacturer  shall  replace,  without  cost  to  the  purchaser, 

gloves  which  at  any  time  within  a  period  of  eight  months  from  the  date 
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of  initial  test,  fail  to  pass  the  tests  herein  prescribed;  provided  the 
gloves  have  been  properly  stored  in  their  original  boxes. 

NoTB. — "Proper  storage"  is  to  be  interpreted  to  mean  that  gloves  are  not  to 
be  stored  directly  above  or  in  proxinuty  to  steam  radiators  or  other  sources  of  arti- 
ficial heat.  It  is  desirable  that  the  ambient  temperature  be  not  in  excess  of  90''  P. 
(32.2' C). 

VII.    INSPECTION  AND  REJECTION. 

12.  Inspection  and  test  unless  otherwise  specified  shall  be  made  pi«c6  and 
within  two  weeks  of  receipt  by  the  purchaser  at  his  own  expense  at  xaSi.*' 
such  place  as  he  may  designate. 

13.  (a)  Each  glove  tjiat  fails  to  meet  the  requirements  of  Sections  RtjectionB. 
4  (a)  or  8  shall  be  rejected.    In  the  case  of  gloves  failing  to  meet  the 
requirements  of  Sections  6,  9  and  10  rejection  is  optional  with  the 
purchaser. 

(b)  If  any  of  the  measurements  of  thickness  made  as  prescribed 
in  Section  16  or  any  additional  measurements  which  the  purchaser 
may  elect  to  make  fall  below  the  minimum  thickness  specified  in 
Section  7,  the  glove  shall  be  rejected.  If  any  of  the  measurements 
exceed  the  maTrimum  thickness  specified,  rejection  is  optional  with 
the  purchaser. 

(c)  If  rejections  under  Paragraphs  (a)  and  (6)  exceed  25  per  cent 
of  the  shipment  the  whole  shipment  may  be  rejected  without  further 
tests. 

(d)  If  50  per  cent  or  more  of  the  gloves  subjected  to  the  test 
prescribed  in  Section  4  (b)  fail  to  pass  the  test,  the  entire  shipment 
shall  be  rejected. 

(e)  If  the  average  of  the  results  for  either  the  tensile  strength, 
elongation  or  set  tests  made  as  prescribed  in  Section  26  fail  to  meet 
the  requirements  of  Section  5,  the  entire  shipment  shall  be  rejected. 

14.  All  rejected  material  shall  be  returned  to  the  manufacturer  M«ridiig 
without  being  defaced  by  rubber  stamp  or  other  permanent  marking,  R«J«ctod 
excepting  gloves  which  have  been  punctured  on  electrical  tests. 
These  shall  be  stamped,  punched  or  cut  to  indicate  that  they  are 

unfit  for  electrical  use. 

METHODS  OF  TEST. 

15.  The  order  of  procedure  in  testing  rubber  gloves  shall  prefer-  order  of 

ably  be  as  follows:^  Procedure. 

(a)  Inspection  of  inside  and  outside  siuiaces  (see  Section  8). 

(b)  Measurement  of  length  (see  Section  6  (ft) ). 

(c)  Measurement  of  size  (see  Section  6  (a)  ). 

>  Thia  procedure  has  been  found  by  experience  to  minimise  the  expense  of  the  inspection  end 
testing,  perticnlerly  where  an  appreciable  number  of  gloves  fail  to  meet  the  requirements  as  to  work* 
roanship  or  dimensions. 
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(d)  Measurement  of  thickness  (see  Section  7). 

(e)  Electrical  test  (see  Section  4  (a) ). 

(/)  Dielectric  strength  (see  Section  4  (6) ). 
(g)  Mechanical  test  (see  Section  5). 

VIII.     DIMENSIONS. 
Thickness.  16.  (a)  The  thickness  of  each  glove  shall  be  measured  at  not  less 

than  four  points  on  the  face  and  four  points  on  the  back. 


Fig.    1. — Dial  Micrometer. 

(6)  Measurements  shall  be  made  at  one  or  more  points  in  the 
crotch  of  thumb  and  index  finger  and  in  the  crotches  between  the 
fingers. 

(c)  These  measurements  shall  be  made  with  any  micrometer 
graduated  to  mils  or  tenths  of  mils  having  a  ratchet  friction  or  spring 
attachment.  The  tension  on  the  friction  attachment  should  be  so 
adjusted  that  when  the  spindle  has  come  to  a  stop,  the  specimen  can 
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be  moved  between  the  spindle  and  anvil  without  causing  any  appre- 
ciable stretching  of  the  rubber. 

A  dial-type  micrometer  graduated  to  mils  and  mounted  in  a 
manner  similar  to  that  shown  in  Fig.  1  is  particularly  convenient  for 
making  all  of  these  measurements,  especially  the  crotches.  The  anvil 
is  about  I  in.  (6.4  mm.)  in  diameter  and  the  foot  of  the  spindle  about 
I  in.  (3.2  mm.)  in  diameter. 

IX.    ELECTRICAL  'l^ESTS. 

17.  Each  glove  shall  be  tested  for  leakage  in  fresh  water  at  normal  Leakage, 
room  temperature  (60  to  90®  F.)  by  immersing  in  the  water  to  within 
about  li  to  2  in.  of  the  edge  of  the  cuflf  and  filling  with  water  up  to 

the  same  point.  The  water  inside  the  glove  and  that  outside  the 
glove  form  the  test  electrodes.  These  are  conveniently  connected  to 
the  testing  transformer  by  means  of  a  chain  suspended  in  the  glove 
and  by  direct  connection  to  the  containing  vessel. 

18.  The  testing  voltage  shall  be  obtained  from  a  testing  equip-  Source  of 
ment,  no  part  of  which  has  a  testing  capacity  of  less  than  §  kva.  per  ^••^  Voltage, 
glove  being  tested.    In  no  case  shall  the  rating  of  any  part  of  the  test- 
ing apparatus  be  less  than  2  kva.    The  frequency  of  the  testing 

voltage  shall  be  not  more  than  65  cycles. 

19.  The  potential  shall  be  applied  at  a  low  value  and  gradually  AppUcation 
and  steadily,  raised  at  a  rate  of  approximately  800  to  1000  volts  per  y^J*'* 
second  until  the  prescribed  testing  voltage  is  reached. 

20.  The  test  period  shall  be  counted  from  the  instant  when  the  Test  Period, 
prescribed  testing  voltage  is  reached. 

21.  The  method  of  regulating  the  testing  voltage  shall  be  one  Voltage 
which  does  not  distort  th(^  wave  form  of  the  testing  voltage  from  a  '^•Kuiation. 
sine  wave.    Acceptable  methods  include: 

(a)  Field  regulation  of  the  alternator  supplying  the  transformer; 

(b)  Induction-type  regulator; 

(c)  Variable-ratio-transtormer  type  of  regulator; 

id)  Potentiometer  type  of  rheostatic  control  where  the  current 
in  the  portion  of  the  potentiometer  resistance  in  parallel  with  the 
primary  of  the  transformer  is  at  least  five  times  the  exciting  current 
of  the  transformer. 

22.  The  testing  voltage  shall  be  measured  by  one  of  the  following  voitage 

methods:  Measure- 

ment. 

(a)  A  properly  calibrated  electrostatic  voltmeter  connected  di- 
rectly across  the  gloves  under  test. 

(b)  Any  properly  cah'brated  commercial  type  of  alternating  volt- 
meter connected  to  the  low  tension  side  of  the^transformer  in  con* 
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Leakage 
Current 
Measure- 
ment. 


junction  with  the  ratio  of  transformation  of  the  transformer  provided 
that  the  ratio  is  definitely  known  for  all  test  conditions. 
(c)  A  calibrated  potential  transformer  with  a  voltmeter. 

23.  The  leakage  current  shall  be  measured  by  one  of  the  following 
methods: 

(a)  Directly,  by  inserting  a  miUiammeter  in  series  with  each 
individual  glove  in  turn. 

Note. — It  is  customary  to  make  high  voltage  tests  of  this  cfaairacter  with  one 
end  of  the  circuit  grounded,  the  containing  vessel  usually  being  the  grounded  end 
of  the  circuit.  The  miUiammeter  should  therefore  be  connected  in  at  the  grounded 
end  of  the  circuit  and  shunted  by  a  short  circuiting  automatic  self-closing  switch 
which  will  therefore  always  keep  the  circuit  closed  except  at  the  instant  of  reading 
and  thus  maintaining  an  uninterrupted  ground. 

(b)  By  an  anmieter  in  the  low  tension  circuit  of  the  testing  trans- 
former. In  this  case  the  leakage  current  shall  be  determined  by  noting 
the  decrease  in  the  low  tension  current  when  one  glove  at  a  time  is  dis- 
connected from  the  high  tension  testing  circuit,  the  voltage  being  left 
on  the  test  circuit  and  the  remaining  gloves  in  the  meantime.  The 
difference  in  the  two  currents  divided  by  the  ratio  will  give  the  leakage 
current  for  the  glove  disconnected  from  the  circuit. 

Note. — This  method  is  inaccurate  where  only  one  or  two  gloves  are  being 
tested  at  a  time  because  of  the  neutralizing  effect  of  the  leading  current  taken  by 
the  gloves  on  the  magnetizing  current,  which  is  a  lagging  one.  This  effect  is  usually 
negligible  with  three  or  more  gloves.  The  minimum  number  of  gloves  which  may 
be  safely  measured  in  this  manner  is  easily  determined  by  noting  the  leakage  current 
of  a  particular  glove  when  tested  with  1,  2,  3,  etc.,  additional  gloves,  respectively. 

24.  (a)  One  per  cent  of  the  gloves  (in  no  case  less  than  two 
gloves)  which  have  passed  all  the  tests  previously  prescribed  herein 
shall  be  selected  at  random  and  tested  for  compliance  with  Section 
4  (b)  and  also  for  ultimate  dielectric  strength.  The  tests  shall  be 
made  in  accordance  with  the  general  method  described  in  Sections  17 
to  23  inclusive.  If  the  glove  passes  the  test  prescribed  in  4  (6),  the 
potential  shall  be  raised  steadily  and  gradually  at  a  rate  of  approxi- 
mately 1000  volts  per  second  imtil  failiure  occurs,  the  volta^  at 
failure  being  recorded. 

(b)  If  any  glove  fails  to  meet  the  reqiiirements  of  Section  4  (b)y 
an  additional  glove  shall  be  selected  at  random  and  tested. 

X.    MECHANICAL  TESTS. 

Test  25.  Folu:  or  more  standard  test  specimens  shall  be  cut  from  each 

pedment.  gj^yg  tested  imder  Section  24.     The  shape  of  these  specimens  shall 

be  in  substantial  accordance  with  that  prescribed  in  the  Tentative 


Dielectric 

Strength 

Test. 
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Methods  of  Testing  Rubber  Products  (Serial  Designation:  D  15-22 
T)  of  the  American  Society  for  Testing  Materials.*    The  essential 
dimensions  of  this  sample  are: 
Total  length:    6  in. 

Width:  1  or  li  in.  with  a  reduced  section  at  the  center,  J  in. 
wide  and  about  2  in.  long  with  radii  of  curvature  between 
the  ends  and  reduced  section  of }  in. 
26.  The  tests  for  tensile  strength,  elongation  and  set  shall  be  TentUe 
made  in  accordance  with  the  Tentative  Methods  of  Testing  Rubber  I?*"* J' 
Products  (Serial  Designation:  D  15-22  T)  of  the  American  Society  tmd  Set. 
for  Testing  Materials.*    The  essential  features  of  these  methods  are: 

(a)  Temperature  of  testing  room  and  of  specimens,  between  65 
and  W  F. 

(b)  Rate  of  separation  of  jaws  of  testing  machine,  20  in.  per 
minute. 

(c)  Tensile  strength  and  elongation  shall  be  made  on  one  sample 
and  set  test  on  a  separate  sample. 

(d)  Set  test  shall  be  made  by  stretching  the  2-in.  gage  length  to 
12  in.,  holding  for  ten  minutes  and  measuring  the  distance  between 
the  bench  marks  10  minutes  after  release. 

>  See  p.  947. 
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This  is  a  Tentative  Standard  only,  published  for  the  purpose  of  eliciting  criti- 
cism and  suggestions.  It  is  not  a  Standard  of  the  Society  and  until  its  adoption  as 
Standard  it  is  subject  to  revision. 

Issued,  1922. 

1.  These  specifications  cover  rubber  valves  for  pumps  equipf)ed 
with  grid-type  seats  and  which  are  used  for  pumping  fluids  having 
very  slight,  if  any,  effect  on  rubber. 

2.  Rubber  pump  valves  shall  be  classified  according  to  the 
service  for  which  they  are  intended  as  follows: 

(a)  Cl(iss  100. — ^Vulcanized  hard  for  hot  water  at  a  temperature 
of  150  to  220 ^^  F.  and  a  pressure  less  than  300  lb.  per  sq.  in. 

(b)  Class  200, — ^Vulcanized  medium  hard  for  water  at  a  temper- 
ature of  less  than  170°  F.  and  a  pressure  less  than  350  lb.  per  sq.  in. 

(c)  Class  300. — Vulcanized  medium  soft  for  water  at  a  temp>er- 
ature  less  than  170°  F.  and  a  pressure  less  than  200  lb.  per  sq.  in. 

(d)  Class  400. — Vulcanized  soft  for  water  at  a  temperature  less 
than  170°  F.  and  a  pressure  less  than  50  lb.  per  sq.  in. 

(e)  Class  500. — Vulcanized  extra  soft  for  water  at  a  temperature 
less  than  170°  F.  and  a  pressure  less  than  20  lb.  per  sq.  in. 


I.    MANUFACTURE. 

Manufacture.  3.  The  valves  shall  consist  of  properly  vulcanized  rubber  com- 

pound and  all  surfaces  shall  be  smooth  and  free  from  pitting,  blisters, 
air  checks  and  other  imperfections.  The  thickness  shall  be  uniform 
throughout  and  the  circumference  shall  be  concentric  with  the  hole 
at  the  center. 

II.    CHEMICAL  PROPERTIES  AND   TESTS. 

Chemical  ^*  (^)  '^^^  Compound  shall  conform  to  the  requirements  specified 

Requiremente.  in  Table  I  expressed  as  percentages,  by  weight,  of  the  total. 


1  Criticisms  of  these  Tentative  Specifications  are  solicited  and  should  be  directed,  preferably 
before  January  1.  1923,  to  Mr.  C.  B..  Martin,  Secretary  of  ("ommittee  D-11  on  Rubber  Products, 
Room  850,  466  Lexington  Ave..  New  York  City. 
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Tablb  I. 

Rubber.  Sulfur.  Maximum.  Organic 

Minimum.  pbr  cent.*  Acetone  Extract. 

Class.  per  cent.  Total.  Free.    Maximum,  per  cent. 

100 30  7.5  1.0  2.0 

200 32  5.0  1.0  2.0 

300 35  4.0  1.0  2.0 

400 38  3.0  0.75  2.5 

500 40  3.0  0.75  2.5 

*  Exclusive  of  sulfur  in  barytes. 

(b)  The  remainder  of  the  compound  shall  consist  of  suitably  pul- 
verized inorganic  mineral  fillers,  which  may  contain  barytes,  but  which 
shall  be  practically  free  from  any  substance  likely  to  have  a  deleterious 
effect  on  the  compound. 

(c)  The  compotmd  shall  contain  no  rubber  substitute  of  any 
kind,  rubber  which  has  been  previously  used  or  reclaimed  rubber. 

5.  Chemical  analyses  of  the  compound  shall  be  made  in  accord-  Chemical 
ance  with  the  appropriate  section  of  those  numbered  from  1  to  14,  ^"^y"*'- 
inclusive,  of  the  Tentative  Methods  of  Testing  Rubber  Products 
(Serial  Designation:    D   15-22  T)  of    the  American  Society    for 
Testing  Materials.^ 

III.    PHYSICAL  PROPERTIES  AND  TESTS. 

6.  The  specific  gravity  of  the  valves  shall  not  exceed  the  values  specific 
given  in  Section  7  (6).  Gravity. 

7.  (a)  Plastometer  readings  shall  be  taken  by  noting  the  depth  puetometer 
of  indentation  in  millimeters  produced  by  a  spherical  surface  3.2  mm.  R«*din«»- 
(0.125  in.)  in  diameter  under  a  dead  weight  pressure  of  1  kg.  (2.2  lb.) 
applied  for  one  minute.    The  test  shall  be  made  at  a  temperature  not 

less  than  60°  F.  nor  more  than  80°  F. 

(b)  The  readings  obtained  on  any  valve  shall  not  be  outside  the 
limits  specified  in  Table  II: 

Table  II. 

Plastometer  Specific  Gravity 

Class.  Reading,  limits.  Maximum. 

100 0. 03  -  0. 10  1 .  75 

200 0. 25  -  0. 40  1 .  70 

300 0. 55  -  0.  70  1 .  65 

400 0.85-1.00  1.60 

500 1.40-1.55  1.60 

8.  No  valve,  when  cut  in  half  and  subjected  to  the  following  dry  Heat  Teiti. 
heat  and  steam  tests,  shall  show  any  disintegration,  blistering  or  other 
defects  either  on  the  surface  or  in  the  interior  when  cut  open  with  a 

knife: 


See  p.  947. 
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(a)  Dry  heai  /€5/.— One-half  of  valve  at  270°  F.  (=fc5'*  F.)  dry 
heat  for  one  hour. 

(fc)  Steam  /e^/.— One-half  of  valve  in  steam  at  400°  F-  (=*=5'*  F.) 
for  three  hours,  the  steam  pressure  to  be  gradually  reduced  to  atmos- 
pheric pressure  at  the  end  of  the  test. 

IV.    STANDARD  SIZES. 

Dimensiont.  9.  The  dimensions  of  the  valves  shall  be  as  specified  by  the 

purchaser. 
Permittibie  10.  The  dimensions  (diameter  and  thickness)  shall  not  vary  more 

VtriatioM.      ^^^  ^  in.  from  those  specified. 

v.    MARKING. 

Markiiig.  11.  Each  valve  shall  be  branded  on  the  edge  with  the  letters 

"A.S.T.M.",  the  class  number,  the  name  of  the  manufacturer,  and 
the  month  and  year  of  manufacture. 


Nttmber  of 
Samples. 

Intpection 
and  Teiti. 


VI.    INSPECTION. 

12.  The  number  of  valves  selected  for  inspection  and  for  chemical 
and  physical  tests  shall  be  determined  by  the  purchaser. 

13.  (a)  The  purchaser  may  make  the  inspections  and  tests  to 
govern  the  acceptance  or  rejection  of  the  valves  in  his  own  laboratory 
or  elsewhere,  but  such  inspections  and  tests  shall  be  .made  at  the 
expense  of  the  purchaser. 

(6)  If  the  inspections  and  tests  are  made  at  the  place  of  manu- 
facture, the  manufacturer  shall  afford  the  inspector,  without  charge, 
all  reasonable  facilities  to  satisfy  him  that  the  valves  are  being  fur- 
nished in  accordance  with  these  specifications.  Such  inspections  and 
tests  shall  be  so  conducted  as  not  to  interfere  unnecessarily  with  the 
operation  of  the  works. 
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TENTATIVE  METHODS  OF  TESTING 
RUBBER  PRODUCTS.* 

Serial  Designation:  D  15-22  T. 

This  is  a  Tentative  Standard  only,  published  for  the  purpose  of  eliciting  criti- 
cism and  suggestions.  It  is  not  a  Standard  of  the  Society  and  until  its  adoption  as 
Standard  it  is  subject  to  revision. 

Issued,  1922. 

I.  CHEMICAL  TESTS 

(A)  Short  Procedure. 

I.    GENERAL  INSTRUCTIONS. 

1.  Blank  tests  shall  be  run  on  all  determinations  and  deductions  Blanks, 
made  accordingly. 

2.  In  the  event  of  any  determination  not  falling  within  the  Umits  Checkt. 
given  in  these  methods  of  test,  a  duplicate  determination  which  shall 
agree  within  the  limits  specific  shall  be  made  and  the  average  value 
taken  as  the  true  value. 

3.  (a)  A  specimen  weighing  not  less  than  15  g.  shall  be  prepared,  Preparation 
taking  pieces  from  various  parts  of  the  sample.  **'  Specimen. 

(b)  The  specimen  shall  be  cut  into  small  pieces  and  run  through 
a  grinder  until  all  of  it  will  pass  through  a  20-mesh  sieve.  Care  must 
be  taken  that  the  grinder  does  not  become  appreciably  warm.  The 
backing  shall  be  buffed  off  before  grinding. 

4.  A  strong  magnet  shall  be  passed  through  the  specimen  to  Remoyai  of 
remove  any  metal  from  the  grinder,  and  the  specimen  shall  be  mixed  ^l^sw^m^n^ 
thoroughly  and  put  in  tightly  stoppered  bottles.     It  shall  not  be 

exposed  to  sunlight  or  heat. 

II.    REAGENTS. 

5.  Acetone  shall  be  distilled  not  more  than  10  days  before  use  Acetone, 
over  anhydrous  potassium  carbonate,  using  the  fraction  which  distills 

at  56  to  ST"  C. 

>  Criticisms  of  these  Tentative  Methods  are  solicited  aod  should  be  directed,  preferably  before 
Jantiary  1,  1923.  to  Mr.  C.  B.  Martin.  Secretary  of  Committee  D-U  on  Rubber  Products,  Room  850, 
466  Lexington  Ave.,  New  York  City. 

These  tentative  methods,  when  adopted  as  standard,  win  supersede  the  present  Standard  Methods 
of  Testing  CoUon  Rubber-Lined  Hose  (Serial  Designation:  D  15-15),  1921  Book  of  A.S.T.M. 
Standards. 

(947) 
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Alcoholic 
Potath. 


Barium- 
Chloride 
Solution. 


Acetone 
Extract 


6.  Alcoholic  potash  shall  be  of  normal  strength,  made  by  dis- 
solving the  required  amount  of  KOH  in  absolute  alcohol  the  day  before 
use,  and  allowing  to  settle.    Only  the  clear  solution  shall  be  used. 

7.  Barium-chloride  solution  shall  be  made  by  dissolving  100  g. 
of  crystallized  barium  chloride  in  one  liter  of  distilled  water  and  adding 
two  or  three  drops  of  concentrated  hydrochloric  acid.  If  there  is  any 
insoluble  matter  or  cloudiness,  the  solution  shall  be  heated  on  the 
steam  bath  over  night  and  filtered. 

All  reagents  shall  be  of  a  purity  equal  to  that  called  for  in 
Krauch's  ''Standard  Chemical  Reagents;  their  Purity  and  Test." 


S  mm  Outs.Diam.  Block- 


tin  Tubing. 


Heat-Resjstant  G/ass 
Assay  \Fiask 


K 'BO *^ 

(All  dimentioiis  in  millinMten.) 

Fig.  1.— Extraction  Apparatus. 

III.    ANALYSES. 

8.  The  extraction  apparatus  shall  conform  to  that  shown  in  Fig.  1. 
It  shall  be  heated  so  that  the  period  of  filling  an  empty  siphon  cup 
with  acetone  and  completely  emptying  it  will  be  between  2\  and 
3J  minutes. 

Two  grams  of  the  rubber  shall  be  extracted  continuously  with 
acetone  for  8  hours,  using  a  sample  that  has  been  prepared  within 
24  hours.  Distill  off  the  acetone  and  dry  the  flask  and  contents  for 
4  hours  at  95  to  100°  C.  Desiccate  until  cool  and  weigh.  Continue 
to  dry  for  2-hour  periods  until  constant  weight  is  obtained.  In  drying 
place  the  flask  on  its  side  but  at  a  sufficient  angle  from  the  horizontal 
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so  that  the  extract  does  not  appreciably  run  down  from  the  side  of  the 
flask. 

9.  Add  to  the  flask  containing  the  acetone  extract  50  to  60  cc.  Frte  Sulfur, 
of  distilled  water  and  2  or  3  cc.  of  bromine  (if  the  acetone  extract 
indicates  a  large  amount  of  free  sulfur,  the  amount  of  bromine  should 

be  increased).  Heat  gently  on  the  steam  bath  until  the  solution  is 
practically  colorless  and  filter  into  a  400-cc.  beaker.  Dilute  with 
distilled  water  until  the  volume  is  about  400  cc.  Cover  the  beaker 
with  a  watch  glass,  heat  to  boiling  on  the  steam  bath,  add  10  cc.  of 
10-per-cent  barium-chloride  solution  and  allow  the  precipitate  to 
stand  over  night.  The  next  day  filter  off  the  precipitate,  ignite  the 
filter  paper  and  weigh. 

10.  Dry  the  residue  from  the  acetone  extraction  at  50  to  60°  C,  AicohoUc- 
put  into  a  200-cc.  Erlenmeyer  flask  with  50  cc.  of  the  alcoholic  KOH  g^J^. 
solution  and  boil  for  4  hours  under  a  reflux  condensed.  Filter  the 
solution  into  a  beaker  and  wash  twice,  using  each  time  25  cc.  of  hot 
absolute  alcohol  and  then  wash  thoroughly  with  hot  water.  Evapo- 
rate the  solution  to  approximate  dryness,  take  up  in  warm  water  and 
transfer  to  a  separatory  funnel.    Acidify  with  15  cc.  5  A'  HCl,  using 

this  to  rinse  the  beaker.  Add  sufficient  water  to  make  the  bulk  of 
the  solution  100  cc.  When  cool,  add  40  cc.  of  ether,  using  it  to  rinse 
the  beaker  in  20-cc.  portions.  Shake  the  aqueous  and  ethereal  solu- 
tions thoroughly.  After  complete  separation,  draw  off  the  aqueous 
solution  and  treat  in  another  separatory  funnel,  with  a  fresh  20-cc. 
portion  of  ether.  Continue  to  shake  the  aqueous  solution  with  fresh 
portions  of  ether  until  a  colorless  portion  has  been  obtained,  then 
shake  out  twice  more.  Unite  the  ethereal  solutions  and  wash  with 
successive  additions  of  water,  continuing  twice  after  the  water  shows 
no  acid  reaction.  Filter  through  a  plug  of  extracted  cotton  into  a 
tared  flask,  wash  the  filter  and  funnel  with  ether,  evaporate  the  ether 
without  boiling  and  dry  the  residue  to  constant  weight  at  95  to  100®  C. 
Cool  in  a  desiccator  and  weigh. 

11.  Mix  a  0.5-g.  sample  with  4  g.  of  NasOs  and  6  g.  of  KsCOi  in  toui  Suifur 
a  dry  15-cc.  iron  crucible.    Cover  and  heat  gradually  imtil  the  mixture 

fuses,  proceeding  cautiously,  as  rapid  heating  will  cause  an  explosion. 
Then  bring  to  quiet  fusion  for  15  to  20  minutes,  applying  heat  so  as 
to  avoid  contamination  with  sulfur  fumes.  Rotate  the  crucible  while 
the  melt  solidifies.  When  cool,  put  crucible  and  cover  into  a  casserole 
containing  200  cc.  of  water;  add  5  to  10  cc.  of  bromine  water  and 
boil  until  the  melt  is  dissolved.  Allow  the  precipitate  to  settle, 
decant  the  liquid  through  a  thick  filter  and  wash  the  residue  with 
hot  water.     Acidify  the  filtrate  with  HCl,  evaporate  to  dryness  and 


Digitized  by 


Google 


950     Tentative  Methods  of  Testing  Rubber  Pboducts. 

dehydrate  if  silica  is  present;  add  2  cc.  of  concentrated  HCl,  take  up 
in  water,  filter  and  wash,  making  the  total  volume  about  400  cc 
Heat  to  boiling  and  add  slowly  a  slight  excess  of  hot  10-per-cent 
barium-chloride  solution.  Allow  to  stand  over  night,  filter,  wash, 
ignite,  weigh  the  BaS04  and  calculate  to  sulfur. 
Aih.  12.  Weigh  out  a  1-g.  sample  in  a  porcelain  crucible,  heat  in  a 

muflSe  furnace,  the  temperature  of  which  is  carefully  regulated  so 
that  no  material  amount  of  visible  products  are  given  off.  After  the 
mass  is  charred,  the  temperature  shall  be  raised  sufficiently  to  bum 
the  carbon.  The  whole  process  shall  be  conducted  at  as  low  a  tem- 
perature as  possible.  At  the  end  of  this  operation  the  crucible  shall 
be  removed  from  the  furnace,  cooled  in  a  desiccator  and  weighed; 
the  ash  broken  up  and  inspected  for  carbon.  If  any  visible  carbon 
is  present,  a  new  determination  shall  be  conducted. 

IV.    CALCULATIONS. 

CaicuUHoni.  13.  The  percentage  of  rubber  shall  be  considered  to  be  the  differ- 

ence between  100  and  the  sum  of  the  total  sulfur  and  ash  expressed 
as  percentages  and  figured  on  the  total  compound.  If  the  alcoholic- 
potash  extract  is  over  2  per  ce;it  of  the  rubber  as  first  calculated, 
subtract  this  excess  also  from  the  rubber.  The  organic-acetone  extract 
shall  be  obtained  by  taking  the  difference  between  the  total  acetone 
extract  and  the  free  sulfur.  The  organic-acetone  extract,  free  sulfur, 
total  sulfur  and  alcoholic-potash  extract  shall  be  figured  on  the 
amount  of  gum  as  found  by  the  above  procedure.  . 


Check 
Analytit. 


V.    CHECK  ANALYSES. 

14.  Duplicate  determinations  when  required  shall  check  within 
the  following  limits,  expressed  as  percentages  of  the  gum  present,  as 
found  by  analysis,  except  as  stated. 

Check  Within. 

PER  CENT. 

Organic-acetone  extract 0. 10 

Free  sulfur 0. 10 

Total  sulfur 0. 10 

Alcoholic-potash  extract 0. 10 

Ash  calculated  on  total  compound 0. 25 


(B)  Comphie  Procedure, 


NoTB. — ^The  following  is  the  procedure  of  the  Joint  Rubber  Insulation  Com- 
mittee and  was  originally  prepared  for  30-per-cent  Hevea  rubber  insulation  for 
wires  and  cables.     It  is  applicable  to  similar  rubber  compounds  used  for  other 
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purposes,  but  obviously  in  such  cases  the  references  in  this  procedure  to  insulation 
for  wires  and  cables  should  be  disregarded. 

15.  The  object  of  this  procedure  of  analysis  is  to  determine  object  of 
whether  rubber  compounds  comply  chemically  with  specifications  An»iyw»- 
which  are  intended  to  secure  compounds  containing  30  per  cent  of 

the  best  Hevea  rubber,  and  mineral  fillers. 

16.  The  general  procedure  is  shown  in  Fig.  2.  OutUn©. 

VI.    GENERAL  INSTRUCTIONS. 

17.  (a)  The  analysis  shall  be  made  upon  the  compound  after  samples, 
vulcanization. 

(b)  In  the  case  of  insulation  from  wires  and  cables,  samples  for 
analysis  shall  be  taken  before  the  saturation  of  the  braid  whenever 
possible.  The  insulation  shall  be  thoroughly  wiped  with  a  damp 
cloth  to  remove  any  adhering  material  but  without  removing  waxy 
hydrocarbons  from  the  surface. 

(c)  If  a  sample  of  insulation  from  wires  and  cables  has  to  be 
taken  after  the  braid  has  been  saturated,  the  braid  shall  be  removed 
and  the  insulation  sand-papered  to  a  depth  of  0.005  in.  and  then 
wiped  with  a  damp  cloth.  The  condition  of  the  sample  shall  be 
reported. 

18.  All  determinations  shall  be  performed  in  duplicate  and  the  DupUcate 
average  value  taken  arbitrarily  as  the  true  value.  Duplicate  deter-  ^"«*y»«»- 
minations  shall  check  within  the  limits  specified. 

19.  Blanks  shall  be  made  on  all  determinations  and  the  results  BUnka. 
deducted  accordingly. 

20.  The  insulation  shall  be  removed  entirely  from  sufficient  wire  Preparation 
to  give  a  sample  weighing  about  25  g.     This  shall  be  cut  into  small  ®J  f *^jJj^oii 
strips  and  ground  slowly,  so  as  not  to  heat  the  rubber,  in  either  a 

No.  0  Enterprise  coflfee  mill,  a  Russwinn  grinder  or  a  mill  such  as 
shown  in  Fig.  3.  The  grinder  shall  be  adjusted  so  that  not  more 
than  20  per  cent  will  pass  through  a  40-mesh  sieve.  All  of  the  material 
shall  be  sifted  through  a  20-mesh  sieve,  what  is  retained  on  the  sieve 
being  reground  until  the  entire  sample  has  passed  through.  The 
wires  of  the  sieves  shall  be  evenly  spaced  in  both  directions  and  shall 
be  of  0.016  and  0.010  in.  in  diameter  in  the  20  and  40-mesh  sieves, 
respectively.  Any  metal  that  may  have  come  from  the  grinder  shall 
be  removed  with  a  strong  magnet  and  the  sample  thoroughly  mixed. 

21.  The  extraction  apparatus  shall  conform  to  Fig.  1.  It  shall  sztractioD 
be  heated  so  that  the  period  of  filling  an  empty  siphon  cup  with  App*'****- 
acetone  and  completely  emptying  it  will  be  between  2§  and  3i  minutes. 
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VII.    REAGENTS. 

Acetone.  22.  Acetone  shall  be  freshly  distilled  over  anhydrous  KsCOs, 

using  the  fraction  56-57®  C. 

KOH.  23.  Alcoholic  KOH  solution  shall  be  of  normal  strength  and  shall 

be  made  freshly  by  dissolvmg  the  proper  amoimt  of  KOH  (purified 
by  alcohol)  in  95-per-cent  alcohol  which  has  previously  been  distilled 
over  KOH.  The  solution  shall  be  allowed  to  stand  for  24  hours  and 
only  the  dear  liquid  used. 

Ether.  24.  Ether  shall  be  washed  with  three  successive  portions  of  dis- 

tilled water  and  distilled,  using  the  fraction  34-36°  C. 

cworoform.  25.  Chloroform  shall  be  pure  and  freshly  distilled. 

Carbon    ^  26.  Carbon  tetrachloride  shall  be  pure  and  freshly  distilled. 

27«  Reagents  not  otherwise  specified  shall  be  diemically  pure. 
Water  shall  be  distilled. 


Tetrachloride. 


Matter. 


VIII.    ANALYSES. 

Acetone  28.  Extract  continuously  with  60  cc.  of  acetone  for  8  hours,  two 

Extract.  2-g.  samples  that  have  been  prepared  within  24  hours.  Unite  the 
extracts  in  a  weighed  flask,  using  hot  chloroform  to  rinse  the  flasks. 
Distill  off  the  reagents  and  dry  the  flask  and  contents  for  4  hours  at 
95  to  100°  C.  Desiccate  until  cool  and  weigh.  Continue  to  dry  for 
2-hour  periods  until  constant  weight  is  obtained.  In  drying,  place 
the  flask  on  its  side  but  at  a  sufficient  angle  from  the  horizontal  so 
that  the  extract  does  not  appreciably  run  down  the  side  of  the  flask. 
UnMiponifiabie  29.  Add  to  the  acetone  extract  50  cc.  of  alcoholic  KOH  solution, 

boil  imder  a  reflux  condenser  for  2  hours,  and  evaporate  to  dryness, 
removing  all  alcohol.  Add  10  cc.  of  water  and  20  cc.  of  ether;  heat 
until  the  wax,  etc.,  are  in  solution,  cool,  transfer  to  a  separatory 
funnel,  wash  out  the  flask  with  warm  water  and  then  cool,  finally 
with  two  20-cc.  portions  of  ether.  The  water  volume  should  be 
100  cc.  and  the  ether  at  least  40  cc.  Shake  vigorously  for  2  minutes, 
and  allow  the  solutions  to  separate  thoroughly.  Draw  off  the  aqueous 
solution  into  a  second  fimnel,  leaving  in  the  first  funnel  the  etliereal 
solution  and  any  flocculent  material  that  may  be  present.  Again 
rinse  the  flask  with  20  cc.  of  ether  and  add  it  to  the  aqueous  solution; 
shake  vigorously  for  2  minutes,  and  when  separated  draw  off  the 
aqueous  solution  and  unite  in  the  first  fimnel  the  ethereal  solutions 
and  any  flocculent  material.  Repeat,  shaking  with  20-cc.  portions 
of  ether  until  the  extraction  is  complete,  using  at  least  120  cc  of 
ether.  Wash  the  flask  and  the  funnel,  from  which  the  ethereal  solu- 
tion has  been  taken,  with  water,  imtil  they  are  free  from  alkali, 
subsequently  using  this  wash  water  to  wash  the  ethereal  solution. 
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Continue  washing  with  water  until  it  has  been  washed  twice  after  it 
shows  no  alkaline  reaction.  Retain  with  the  ethereal  solution  any 
flocculent  material.  Filter  the  ethereal  solution  from  the  flocculent 
material,  through  a  small  pellet  of  extracted  cotton,  into  a  weighed 
flask,  washing  first  with  ether  and  subsequently  with  hot  chloroform, 
using  this  to  rinse  the  original  flask  and  both  separatory  funnels. 
Evaporate  the  solvents  and  dry  the  extract  to  constant  weight  at 
95  to  100°  C;  desiccate  until  cool  and  weigh. 

30.  Add  50  cc.  of  absolute  alcohol  to  the  imsaponifiable  material  Hydrocarbons 
and  warm  imtil  solution  is  as  complete  as  possible.    Cool  the  solution  ^• 

to  —4  or  —5°  C.  and  maintain  at  this  temperature  for  1  hour  by 
packing  the  flask  in  a  mixture  of  ice  and  salt.  Filter  out  the  waxy 
hydrocarbons,  using  a  funnel  packed  with  ice  and  salt,  and  apply 
suction  if  necessary.  Wash  the  flask  and  filter  with  about  25  cc.  of 
95-per-cent  alcohol,  which  has  been  previously  cooled  in  the  same 
temperature.  Catch  the  filtrate  in  a  flask  which  is  afterwards  cooled 
to  —4  or  —5°  C.  to  make  sure  that  all  possible  waxy  hydrocarbons 
have  been  removed,  and  refilter  if  necessary.  Dissolve  the  residue 
on  the  filter  paper  with  hot  chloroform,  into  the  original  flask.  Evapo- 
rate the  chloroform  and  dry  the  flask  to  constant  weight  at  95  to 
100°  C.    Cool  in  a  desiccator  and  weigh. 

31.  Evaporate  the  alcohol  from  the  flask  containing  the  alcoholic  Hydrocarbons 
soluble  imsaponifiable  material,  add  25  cc.  carbon  tetrachloride  and  ®- 
transfer  to  a  separatory  fxmnel.     Shake  with  concentrated  H2SO4, 

drain  off  the  discolored  acid  and  repeat  with  fresh  portions  of  acid 
imtil  there  is  no  longer  any  discoloration.  After  drawing  off  all  the 
add,  wash  the  carbon  tetrachloride  solution  with  repeated  portions 
of  water  until  all  traces  of  acid  are  removed.  Transfer  the  carbon 
tetrachloride  solution  to  a  weighed  flask;  evaporate  off  the  solvent 
and  dry  the  flask  to  constant  weight  at  95  to  100°  C.  Cool  in  a 
desiccator  and  weigh. 

32.  Add  2  g.  KNOs  to  the  aqueous  sblution  and  washings  from  Free  Sulfur, 
the  ethereal  separation  of  the  unsaponified  material.     Evaporate  to 
dryness  in  a  silver  or  nickel  dish  and  heat  to  quiet  fusion,  avoiding 
contamination  with  sulfur  fmnes.    Transfer  with  water  to  an  evapo- 
rating dish,  acidify  with  HCl,  evaporate  to  dryness,  and  dehydrate 

silica.  Add  2  cc.  of  concentrated  HCl,  take,  up  in  water,  filter  and 
wash,  making  a  volume  of  200  cc.  Heat  to  boiling  and  add  slowly 
a  slight  excess  of  hot  lO-per-cent  BaCU  solution.  Allow  to  stand  over 
night,  filter,  wash,  ignite,  weigh  the  BaS04  and  calculate  the  sulfiu:. 

33.  Extract  continuously  the  residues  from  both  of  the  acetone  Chloroform 
extractions  (without  necessarily  removing  the  acetone  that  may  be    *^***' 
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on  them)  for  4  hours  with  60  cc.  of  chloroform,  unite  the  extractions 
in  a  weighed  flask,  using  hot  chloroform  to  rinse  the  flasks.  Distill 
off  the  solvent  and  dry  the  flask  and  contents  for  2  hours  at  95  to 
100*^*  C.  Desiccate  until  cool  and  weigh.  Continue  to  dry  for  1-hour 
periods  until  constant  weight  is  obtained.  In  dr3dng,  place  the  flask 
on  its  side  but  at  a  sufficient  angle  from  the  horizontal  so  that  the 
extract  does  not  appreciably  run  down  the  side  of  the  flask.  (If  it  is 
needful  to  wait  after  the  acetone  extraction,  before  starting  the  chloro- 
form extraction,  the  sample  must  be  kept  in  a  vacuum  of  at  least 
50  mm.  of  mercury.) 
Alcoholic  34.  Dry  the  residue  from  the  chloroform  extraction  at  50  to 

60°  C.  until  odor  of  chloroform  can  no  longer  be  detected,  unite  resi- 
dues from  the  two  2-g.  samples  in  a  200-cc.  Erlenmeyer  flask.  Add 
100  cc.  of  alcoholic  KOH  solution  and  boil  for  4  hours  under  a  reflux 
condenser.  Filter  the  solution  by  decantation  through  an  11 -cc. 
hardened  filter  paper  into  a  beaker  and  wash  twice,  using  each  time 
25  cc.  of  hot  absolute  alcohol  and  then  wash  thoroughly  with  hot 
water.  Wash  any  rubber  on  the  filter  paper  back  into  the  original 
flask  and  reserve  this  for  the  determination  of  the  rubber  hydro- 
carbons. Evaporate  the  solution  to  approximate  dryness,  take  up  in 
warm  water  and  transfer  to  a  separatory  funnel.  Acidify  with  15  cc. 
oi  5  N  HCl,  using  this  to  rinse  the  beaker.  Add  sufficient  water  to 
make  the  bulk  of  the  solution  100  cc.  When  cool,  add  40  cc.  of  ether, 
using  it  to  rinse  the  beaker  in  20-cc.  portions.  Shake  the  aqueous  and 
ethereal  solutions  thoroughly.  After  complete  separation,  draw  off 
the  aqueous  solution  and  treat  in  another  separatory  funnel,  with  a 
fresh  20-cc.  portions  of  ether.  Continue  to  shake  the  aqueous  solu- 
tion with  fresh  portions  of  ether  until  a  colorless  portion  has  been 
obtained,  then  shake  out  twice  more.  Unite  the  ethereal  solutions 
and  wash  with  successive  additions  of  water,  continuing  twice  after 
the  water  shows  no  acid  reaction.  Filter  through  a  plug  of  extracted 
cotton  into  a  tared  flask,  wash  the  filter  and  funnel  with  ether,  evapo- 
rate the  ether  without  boiling  and  dry  the  residue  to  constant  weight 
at  95  to  100°  C.  Cool  in  a  desiccator  and  weigh. 
Rubber  35.  Add  to  the  flask  containing  the  rubber  residue  from  the 

^rbont.  alcoholic  KOH  extraction,  sufficient  water  to  make  the  total  volume 
of  the  solution  125  cc.  and  then  add  25  cc.  of  concentrated  HCl. 
Heat  for  an  hour  at  97  to  100°  C.  Decant  the  supernatant  liquid 
through  a  hardened  filter  paper  on  a  Buchner  funnel  7  cm.  in  diameter, 
using  suction;  wash  the  residue  with  25  cc.  of  hot  water  and  decant. 
(While  a  Buchner  funnel  is  recommended,  it  is  permissible  to  use  an 
11 -cm.  hardened  filter  paper  with  platinum  cone,  in  a  60-deg.  funnel.) 
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Perform  this  entire  treatment  with  water  and  HCl  three  times  and 
save  the  first  and  second  decantations  for  the  "organic  matter"  test 
described  in  Section  40.  The  rubber  at  this  stage  should  be  white 
and  practically  free  from  black  specks  of  undissolved  fillers;  if  not, 
continue  the  acid  treatment  until  the  black  specks  disappear.  (If 
carbon  is  present,  all  the  particles  of  rubber  will  be  grayish,  bluish, 
or  black,  depending  on  the  form  and  quantity  of  carbon'  used.  Black 
specks  in  light  particles  of  rubber  usually  indicate  the  presence  of 
lead  sulfide  which  must  be  removed  to  prevent  the  formation  of  lead 
sulfate  on  igniting  the  residue  C.)  Add  150  cc.  of  hot  water  to  the 
flask  and  let  stand  on  a  steam  bath  or  hot  plate  for  half  an  hour  and 
decant  through  the  filter  paper,  repeating  until  washings  are  free 
from  chlorides.  (See  Section  40.)  Transfer  all  the  rubber  in  the 
flask  to  the  filter  paper  and  dry  as  much  as  possible  by  suction.  Wash 
the  rubber  with  50  cc.  of  95-per-cent  alcohol,  using  suction.  Transfer 
the  entire  residue  to  a  weighing  bottle.  Dry  at  95  to  100®  C.  for  an 
hour,  cool  in  a  vacuum  desiccator  under  reduced  pressure  and  weigh. 
Dry  for  30  minutes,  cool  and  weigh,  repeating  this  process  xmtil  either 
constant  weight  is  reached  or  the  weight  starts  to  increase.  Let  this 
weight  be  represented  by  C.  Determine  the  ash  (E)  on  a  portion 
(D)  of  this  residue  (C)  and  sulfur  (H)  on  the  remaining  portion  (G). 
Also  determine  the  sulfur  (F)  on  the  ash  (£).  Perform  the  ash  deter- 
mination as  described  under  ash  in  Rubber  Residue  and  the  sulfur 
determinations  as  described  under  Total  Sulfur.    Then, 

C/,     H    E-F\ 
Rubber  hydrocarbons  =  100  T  I  ^ ""  7^ ^    / 

expressed  as  a  percentage  of  the  total  sample. 

36.  Place  about  0.5  g.  (D)  of  residue  C  into  a  weighed  porcelain  Ash  in 
crucible  and  heat  gently,  gradually  driving  off  the  volatile  matter.  ^^}^^ 
When  the  crucible  has  ceased  to  smoke,  raise  the  temperature  grad- 
ually to  between  450  and  500°  C,  until  all  organic  matter  has  been 
burned  away,  which  is  usually  indicated  by  the  ash  becoming  white. 

(An  electric  muffle  furnace  with  pyrometer  is  recommended  for  this 
purpose.)  Cool  in  a  desiccator  and  weigh,  the  weight  of  ash  being 
represented  by  E  in  the  formula  for  rubber  hydrocarbons.  Make  the 
sulfur  test  on  ash  by  the  method  described  in  Section  37.  If,  how- 
ever, the  ash  (£)  is  not  over  0.08  Z),  the  determination  of  sulfur  in 
the  ash  may  be  omitted,  and  F  assimied  to  be  zero. 

37.  Mix  a  0.5-g.  sample  with  4  g.  of  Na^Oj  and  6  g.  of  KiCOs  in  TouiSuifar. 
a  dry  15-cc.  iron  crucible.     Cover  and  heat  ^adually  until  the  mij^- 
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specific 
Gravity. 


Red  Lead. 


Organic 
FiUer. 


ture  fuses,^  proceeding  cautiously,  as  rapid  heating  will  cause  an 
explosion,  and  then  bring  to  quiet  fusion  for  15  to  20  minutes.  Apply 
the  heat  so  as  to  avoid  contamination  with  sulfur  fumes.  Rotate  the 
crucible  while  the  melt  solidifies.  When  cool,  put  the  crudble  and 
cover  into  a  casserole  containing  200  cc.  of  water;  add  5  to  10  cc 
of  bromine  water  and  boil  until  the  melt  is  dissolved.  Allow  the 
precipitate  to  settie,  decant  the  liquid  through  a  thick  filter  and  wash 
the  residue  with  hot  water.  Acidify  the  filtrate  with  HCl,  evaporate 
to  dryness  and  dehydrate  silica;  add  2  cc.  of  concentrated  HCl,  take 
up  in  water,  filter  and  wash,  making  the  total  volmne  about  100  cc. 
Heat  to  boiling  and  add  slowly  a  slight  excess  of  hot  10-per-cent 
BaCU  solution.  Allow  to  stand  over  night,  filter,  wash,  ignite,  weigh 
the  BaS04  and  calculate  to  sulfur. 

38.  The  specific  gravity  shall  be  the  ratio  of  the  weight  of  a  given 
voliune  of  the  rubber  to  the  weight  of  an  equal  volume  of  water, 
both  at  20°  C.  Strips  of  the  largest  applicable  size  shall  be  cut  from 
the  conductor  and  about  5  g.  used  for  the  sample.  The  specific 
gravity  shall  be  determined  in  the  usual  manner  by  means  of  a  specific 
gravity  bottie.  Care  must  be  taken  that  no  air  bubbles  adhere  to 
the  sample. 

39.  Dissolve  1  g.  of  the  sample  in  75  cc.  of  xylol  at  a  temperature 
of  about  100°  C.  When  the  rubber  is  dissolved,  the  absence  of  any 
red  particles  indicates  the  absence  of  red  lead.  If  red  particles  are 
present,  filter  the  solution  into  a  Gooch  crucible  and  wash  thoroughly 
with  benzol,  acetone  and  alcohol  successively.  Remove  the  felt  and 
residue  to  a  distilling  flask,  add  HCl,  and  distill  over  the  chlorine 
liberated  by  the  lead  peroxide,  absorbing  the  gas  in  a  solution  of  KI 
and  starch.  Not  more  than  0.1  cc.  of  OA  N  thiosulfate  shall  be 
required  to  titrate  the  iodine  liberated. 

40.  Transfer  the  first  and  second  decantations  of  the  HCl  solu- 
tions to  a  carefully  cleaned  porcleain  dish  and  add  20  cc.  of  concen- 
trated H2SO4.  Place  the  dish  on  a  steam  bath  or  hot  plate  to  drive 
off  water  and  HCl.  A  pronoimced  charring  of  the  residue  indicates 
the  presence  of  organic  matter  soluble  in  water  or  hydrolyzed  by  HCl. 
Examine  the  filter  paper  and  rubber  while  decanting  the  acid  solution 
and  washing  free  of  chlorides.  Some  types  of  organic  fillers  not 
removed  by  water  and  HCl  woidd  be  plahily  visible  at  this  point 
Place  a  small  portion  of  residue  C  under  a  microscope  and  examine 
for  fibrous  and  other  characteristic  organic  material.  If  organic 
fillers  are  indicated  and  not  dearly  proved  by  this  test,  place  1  g.  of 
the  original  sample  in  a  beaker,  add  50  cc.  of  xylol  and  heat  on  a  hot 
plate  until  the  rubber  is  dissolved.    Decant  the  xylol  solution  and  wash 
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the  residue  with  ether  several  times  by  decantation.  Dry  the  residue 
and  examine  under  the  microscope. 

IX.    DEFINITIONS  OP  TERMS  DESCRIBING  COMPONENTS  OP 
ACETONE  EXTRACT. 

41.  Organic  Extract. — ^The  difference  between  the  Acetone  Extract  Organic 

and  the  Free  Sulfur.  Extract. 

42.  Sapanifiable  Acetone  Extract. — ^The  difference  between  the  SapooUUbie 

Organic  Extract  and  the  Unsaponifiable  Material.  Extract! 

43.  Total  Waxy  Hydrocarbons. — ^The  stun  of  the  Hydrocarbons  ^^^y 

A  and  B.  Hydrocarbon. 

44.  Unsaponifiable  Resins. — ^The  difference  between  the  Unsa-  UnaaponifiaUe 

ponifiable  Material  and  the  Waxy  Hydrocarbons.  R«tini. 

X.  CHECK  ANALYSES. 

45.  Specific  gravity  determinations  shall  check  within  0.01.    The  Chocki. 
other  duplicate  determinations  shall  check  within  the  following  limits 
expressed  as  percentages  of  the  original  sample. 

Dbtbsmination.  Check. 

Acetone  extract 0. 10 

Saponifiable  acetone  extract 0.10 

Unsaponifiable  resins 0. 10 

Waxy  hydrocarbons 0. 10 

Free  sulfur 0. 05 

Chloroform  extract 0.10 

Alcoholic  potash  extract 0. 10 

Rubber  hydrocarbons 0. 20 

Total  sulfur 0. 10 

XI.  INTERPRETATION. 

46.  The  rubber  shall  be  considered  to  be  the  sum  of  the  rubber  intorprvtatton. 
hydrocarbons,  saponifiable  acetone  extract,  unsaponifiable  resins  and 
chloroform  and  alcoholic  potash  extracts,  expressed  as  percentages. 

If  the  chloroform  extract  is  over  3.0  per  cent  of  the  rubber  so  calcu- 
lated, subtract  the  excess  from  the  rubber.  If  the  KOH  extract  is 
over  1.8  per  cent  of  the  rubber  as  first  calculated,  subtract  this  excess 
also  from  the  rubber. 

XII.    STATEMENT  OP  RESULTS. 

47.  The  results  of  the  analysis  shall  be  stated  in  the  following  sutementof 
form:  Reiuitt. 
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Per  Csa^T. 
Acetone  extract 

Saponifiable  acetone  extract 

Unsaponiiiable  resins ^ 

Waxy  hydrocarbons «. 

Free  sulfur 

Chloroform  extract 

Alcoholic  potash  extract 

Total  sulfur 

Rubber 

Color  of  acetone  extract  (60  cc.  vol.) 

Fluorescence  in  acetone  extract  solution  (present  or  absent) 

Hydrocarbons  A  (consistency  and  color 

Hydrocarbons  B  (solid  or  liquid) 

Color  of  chloroform  extract  (60  cc.  vol.) 

Carbon  (present  or  absent) 

Red  lead  (present  or  absent) 

Specific  gravity 

II.    PHYSICAL  TESTS. 

Scope.  48.  (a)  These  tests  ar^  intended  to  apply  to  soft  vulcanized 

rubber  compounds  such  as  are  used  for  lining  and  cover  of  hose,  belting, 
gloves  used  by  electrical  workers,  etc. 

(6)  Only  those  tests  which  are  applicable  to  rubber  products  in 
general  have  been  covered.  Tests  which  are  special  for  only  one  class 
of  material  are  not  included  since  such  tests  more  properly  belong  in 
the  specifications  for  the  particular  material. 

Selection  and         49.  (a)  Samples  shall  be  selected  in  accordance  with  the  require- 

sampiw!^  **     ments  of  the  specifications  covering  the  material  to  be  tested. 

(6)  The  samples  shall  be  taken  from  the  finished  product  and 
shall  not  be  heated,  immersed  in  water  or  subjected  to  any  mechanical 
or  chemical  treatment  not  specifically  prescribed  herein. 

Age  of  50.  No  tests  shall  be  made  'within  48  hours  after  vulcanization 

Samples.        unless  agreed  to  by  the  manufacturer. 

Temperature.  51.  (o)  The  temperature  of  the  surrounding  air  where  samples 

of  rubber  are  being  tested  shall  not  be  less  than  65^^  F.  (18.3°  C.)  nor 
more  than  90°  F.  (32.2°  C). 

(b)  The  samples  shall  be  kept  at  a  temperature  within  these 
limits  for  at  least  3  hours  immediately  before  being  tested. 

Separatioii  of  52.  When  the  tests  to  be  made  require  the  separation  of  the 

rubber  from  cotton  fabric,  it  shall  be  done  without  the  use  of  gasoline 
if  possible.  If  it  is  necessary  to  use  gasoline,  it  shall  be  of  a  grade 
which  distills  below  239°  F.  (115°  C.)  and  the  specimen  shall  be 
allowed  to  rest  at  least  one  hour  before  being  tested. 


Rubber. 
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(A)  Tensile  Strength,  Elongatum  and  Set  Tests. 
XIII.    TENSION  TESTING  APPARATUS. 
53.  (a)  TensUe  strength  and  elongation  tests  shall  be  made  on  a  Type, 
power-driven  apparatus,  preferably  of  the  inclination-balance  or  pen- 
dulum type.     A  spring  balance  type  of  apparatus  may  be  used  if 
provided  with  a  device  which  will  indicate  the  actual  maximum  load 
at  which  rupture  took  place,  and  provision  is  made  to  prevent  recoil 
of  the  spring. 


i/r->i 


Section  A-B. 

HfK -i/|'-H?V 


I 


Inverted   Plah. 
Pig.  4. — Die  for  i  by  2-m.  Specimens. 


Section  C-D. 


(p)  The  accuracy  of  the  apparatus  shall  be  such  that  the  readings  kccmua* 
obtained  are  correct  within  =*=  1  per  cent. 

(c)  The  grips  which  hold  the  specimen  in  the  testing  machine  oripfi 
shall  be  of  any  desired  type  which  tightens  automatically  and  exerts 
a  uniform  pressure  across  the  width  of  the  specimen  proportional  to 
the  applied  tension. 


Digitized  by 


Google 


962    Tentative  Methods  of  Testing  Rubber  Products. 

Rate.  (d)  The  rate  of  separation  of  the  grips  shall  be  uniform  at  all 

times  and  approximately  20  in.  per  min. 

XIV.    TEST  SPECIMENS. 

Shape.  54.  (a)  Unless  otherwise  prescribed  in  the  specifications  for  the 
material  being  tested,  the  specimens  for  tensile  strength  and  elonga- 
tion tests  and  those  for  set  tests  shall  be  stamped  out  with  a  steel  die 


\^-^-^, 


6'- 


-^n 


icg- 


i 


I 


(a)  }  by  2-in.  Specimen. 

e" 


>-/''-->|<--/''->f^' 
(6)  i  by  2-m.  Specimen. 
5"  


(c)  J  by  1-in.  Specimen. 
Fia.  5. — Tensile  Strength  and  Elongation  Test  Specimens. 

constructed  substantially  in  accordance  with  Fig.  4,  the  specimen  to 
have  a  reduced  section  at  the  center  2  in.  long  and  0.5  in.  wide,  2  in. 
long  and  \  in.  wide  or  1  in.  long  and  \  in.  wide  as  shown  in  Fig.  5. 
The  largest  specimen  that  can  be  readily  cut  from  the  sample  shall  be 
used. 
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(b)  All  backing  and  deep  corrugations  as  in  seamless  woven  or  Buffing, 
braided  hose  shall  be  carefully  removed  by  means  of  a  suitable  grinding 
machine  and  without  causing  excessive  heating.     It  is  recommended 

that  a  grinder  similar  to  that  shown  in  Fig.  6  be  used. 

At  least  one  hour  shall  elapse  between  the  bufiing  and  testing 
of  the  specimen. 

(c)  Two  parallel  lines  perpendicular  to  the  axis  of  the  specimen  Gage  M«rki. 
shall  be  marked  on  the  reduced  section,  one  on  each  side  of  the  center 

and  0.5  in.  or  1  in.  therefrom  as  required.     The  marks  shall  be  as 
narrow  as  possible  consistent  with  legibility. 


Fig.  6. — Grinder. 

(d)  The  thickness  shall  be  measured  with  a  micrometer  graduated  Dimendoiii. 
to  0.001  in.  having  circular  shoes  0.24  to  0.26  in.  in  diameter  and  with 
a  pressure  on  the  specimen  of  not  less  than  8  oz.  nor  more  than  10  oz. 

The  minimum  thickness  and  width  between  the  gage  marks  shall 
be  taken  in  calculating  the  area  to  be  used  in  determining  the  tensile 
strength  of  the  specimen. 

55.  (a)  One  specimen  per  sample  shall  be  tested  for  tensile  Number  of 
strength  and  elongation.  If  either  the  tensile  strength  or  the  elonga-  spedmem. 
tion  is  below  the  specified  value,  two  additional  specimens  shall  be 


Digitized  by 


Google 


964     Tentative  Methods  of  Testing  Rubber  Products. 

tested.  If  either  specimen  falls  below  the  specified  value  for  either 
tensile  strength  or  elongation,  the  material  represented  by  the  sample 
from  which  the  specimens  were  taken  shall  be  considered  to  have 
failed  to  meet  the  specifications. 

(b)  One  specimeh  per  sample  shall  be  tested  for  set.  If  it  fails 
to  meet  the  specifications,  the  procedure  shall  be  the  same  as  in 
Section  55  (a). 

(c)  If  a  specimen  breaks  outside  of  the  gage  marks  in  the  tensile 
strength  and  elongation  tests,  or  is  foimd  to  have  been  defective  in 
either  the  tension  test  or  the  set  test,  it  shall  be  discarded  and  the 
test  repeated  on  a  new  specimen. 

XV.    PROCEDURE. 
TeniUe  56.  (a)  With  the  specimen  gripped  evenly  in  the  grips  of  the 

Eiongftion?**  testing  machine,  the  grips  are  separated  at  a  uniform  rate  of  approxi- 
mately 20  in.  per  min.  until  rupture  occurs.  The  distance  between 
the  gage  marks  shall  be  noted  continuously  so  that  at  the  instant  of 
rupture  the  distance  is  known  within  O.I  in. 

The  load  at  rupture  in  poxmds  divided  by  the  minimum  original 
area  of  the  specimen  at  the  reduced  section  in  square  inches  shall  be 
taken  as  the  tensile  strength  in  pounds  per  square  inch.  The  distance 
between  the  gage  marks  at  rupture  in  inches  to  the  nearest  0.1  in., 
minus  the  original  gage  length,  shall  be  taken  as  the  elongation. 
Set.  (b)  The  specimen  shall  be  stretched  until  the  distance  between 

the  gage  marks  is  the  prescribed  amount,  held  stretched  this  amount 
for  the  prescribed  length  of  time  and  then  released.  After  the  lapse 
of  the  prescribed  time,  the  distance  between  the  gage  marks  shall  be 
measured  to  the  nearest  0.02  in.  The  difference  between  the  final 
distance  and  the  original  distance,  divided  by  the  original  distance 
and  expressed  as  percentage,  shall  be  taken  as  the  set. 

(B)  Friction  Tests. 
XVI.    TEST  SPECIMENS. 

Fire  Hose.  57.  (a)  The  test  specimens  shall  be  pieces  of  the  hose  2  in.  in 

length  accurately  cut  from  th^  sample  with  a  sharp  tool  which  will 
leave  clean  edges.  These  rings  shall  then  be  slit  in  the  lengthwise 
direction  of  the  hose  and  laid  out  flat.  One-quarter  inch  of  the 
rubber  lining  shall  be  carefully  and  cleanly  trimmed  off  on  each  side 
without  injuring  the  fabric  leaving  a  strip  of  rubber  lining  1^  in.  in 
width  undisturbed  on  a  strip  of  cover  2  in.  in  width. 
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(2^)  The  test  specimens  shall  be  pieces  of  the  hose  1  in.  in  length  other  Types 
accurately  cut  from  the  sample  with  a  sharp  tool  which  will  leave  **'  ^^■•' 
clean  edges.    They  shall  be  tested  in  the  ring  form. 

(c)  A  strip  6  in.  in  length  by  1  in.  in  width  shall  be  cut  from  the  BeWng. 
sample  of  belting  with  a  sharp  tool  which  will  leave  clean  edges. 
Two  test  specimens  of  two  plies  each  shall  be  taken  from  this  strip 
and  tested  separately. 

58.  One  specimen  per  sample  shall  be  tested  for  friction.  If  the  Number  of 
result  is  below  the  specified  value,  two  additional  specimens  shall  be  IpJ^m^ns. 
tested.     If  either  of  these  specimens  falls  below  the  specified  value, 

the  material  represented  by  the  sample  from  which  the  specimens 
were  taken  shall  be  considered  to  have  failed  to  meet  the  specifications. 

XVII.    PROCEDURE. 

59.  (a)  The  plies,  the  friction  between  which  is  to  be  tested,  Fir©  Hoee 
shall  be  separated  by  hand  at  one  end  of  the  specimen  a  sufficient  ***  ^•^**"«- 
distance  to  permit  attaching  the  grips. 

With  one  separated  end  clamped  in  a  stationary  grip,  the  other 
separated  end  is  damped  in  a  freely  suspended  grip  hanging  vertical 
and  to  which  the  prescribed  weight  is  attached  with  suitable  provision 
for  supporting  and  releasing  it  slowly  without  jerking.  The  distance 
through  which  separation  takes  place  shall  be  noted  for  a  period  of 
10  minutes  if  possible.  The  friction  shall  be  taken  as  the  rate  obtained 
by  dividing  the  total  distance  separated  in  inches  (to  nearest  0.05  in.) 
by  the  elapsed  time  in  minutes  (to  the  nearest  0.017  min.,  that  is, one 
second.) 

(b)  The  test  specimen  shall  be  placed  on  a  mandrel  having  a  other  xypei 
diameter  equal  to  the  nominal  diameter  of  the  hose.  The  cover  shall  *'  ^^^' 
be  cut  through  in  the  lengthwise  direction  of  the  hose  and  enough  of 
one  end  separated  from  the  rubber  to  permit  attaching  a  grip.  With 
the  mandrel  held  stationary,  the  prescribed  weight  shall  be  attached 
to  the  grip  and  the  test  carried  out  as  prescribed  for  fire  hose  in 
Paragraph  (a). 

(C)  Hydrostatic  Tests  of  Hose. 

60.  Pressure  tests  shall  be  made  with  water  by  means  of  a  pump  AppUcation 
or  by  means  of  an  accumulator  system.     The  pressure  shall  be  in-  JJeaaurement 
creased  at  a  constant  rate  of  300  lb.  per  min.  and  shall  be  measured  of  Preeeure. 
with  a  calibrated  gage. 

61.  (a)  Tests  of  Each  Length. — ^The  hose  shall  be  stretched  on  a  Fire  Hoee. 
plane  surface  in  a  straight  line  and  connected  to  the  water  line  or 

pump  and  filled  with  water,  the  air  being  allowed  to  escape  through 
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an  air  cock.  When  the  hose  is  filled  with  water  the  air  cock  shall  be 
closed,  a  pressure  of  10  lb.  per  sq.  in.  applied  and  the  length  carefully 
measured. 

The  pressure  shall  then  be  increased  to  the  prescribed  value  and 
held  for  the  prescribed  period.  While  still  under  this  pressure  the 
length  shall  be  measured  and  the  amount  of  twist,  warp  and  rise  shall 
be  determined. 


=*iaE: 


gf 


Test  I.  Hose  Straight. 


Extra  Heavy  Flexible  Pipe 


Test2.  Hose  Curved  on  Radius  oF2^feet. 


Test  3.  Hose  Kinked, 
Ends  Tied  Together. 

Pig.  7. — ^Apparatus  for  Pressure  Test. 

(6)  Tesis  of  Samples. — ^The  arrangement  of  the  sample  for  various 
proof  tests — straight,  curved  and  kinked — shall  be  substantially  as 
indicated  in  Fig.  7  except  that  in  the  kink  test  of  a  full  length,  the 
two  parts  of  the  hose  made  by  the  kink  shall  be  tied  together  at  a 
point  18  in.  from  the  kink. 
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TENTATIVE  SPECIFICATIONS 
FOR 
IMPERFECTIONS  AND  TOLERANCES  FOR  60-IN.  17J-0Z. 
SQUARE-WOVEN  BUILDER  FABRIC. 

(MADE  OP  YARN  NOT  LESS  THAN  8  PLY.)i 

Serial  Designation:  D  122-22  T. 

This  IS  a  Tentative  Standard  only,  published  for  the  purpose  of  eliciting  criti- 
cism and  suggestions  It  is  not  a  Standard  of  the  Society  and  until  its  adoption  as 
Standard  it  is  subject  to  revision. 

Issued,  1921;  Revised,  1922. 

IMPERFECTIONS. 

(-4)  Classification. 

1.  Imperfections  shall  be  those  defects  in  material  and  workman- 
ship which  are  in  large  measure  capable  of  reduction  and  control  by 
supervision  and  which,  though  important,  do  not  form  an  essential 
element  of  the  specifications.  They  may  be  classified  as  such  devia- 
tions from  the  qualitative  characteristics  of  the  perfect  fabric  as  shall 
materially  depreciate  its  commercial  value. 

2.  The  imperfections  as  defined  may  be  segregated  into  three  cuuiflcation. 
groups  for  practical  purposes:    Major  defects,  minor  defects,  and 

special  defects,  as  follows: 


Major  Dbfbcts. 
Thick  and  Thin  Places 
Missing  Warp  Thread 
Pucker 
Bad  Start-up 


Minor  Dbfbcts. 
Thick  and  Thin  Places 
Slack  and  Tight  Threads 
Slugs 

Sewed  Thread 
Knots 

Mispick  or  Broken  Pick 
Float 

Reed  Mark 
Split  or  Chafed  Yam 
Dirty  Yam 

Wrong  Ply,  Warp  Thread 
Wrong  Draw 


Spboal  Dbfbcts. 
Oil  Spots  • 

Mixed  Filling,  Inferior  Grade 
Smashes 

Imperfect  Selvage 
Wrong  Ply,  Filling  Threads 


>  Criticisms  of  these  Tentative  Specifications  are  solicited  and  should  be  directed  to  Mr.  R.  T. 
Fisher,  Secretary  of  Committee  D-13  on  Textile  Materials,  National  Association  of  Cotton  Mann- 
facturers,  45  Milk  St.,  Boston,  Mass. 

(967) 
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(B)  Nomenclature  and  Definitions. 
Major  3.  Major  Defects. — 

Defects. 

(a)  Thick  and  Thin  Places. — ^Places  where  count  varies  ten  per 
cent  or  over  from  the  specified  count  for  one  inch  or  more. 

(6)  Missing  Warp  thread. — ^Place  where  a  portion  of  the  warp 
thread  is  missing. 

{c)  Flicker  (Puff  or  Blister). — ^A  series  of  six  or  more  tight  or  slack 
warp  threads. 

(i)  Bad  Start-up. — ^Is  caused  by  removing  filling  thread,  usually 
resulting  in  chafed  or  tight  and  loose  warp  threads,  thin  selvage  or 
excessive  bow,  or  any  combination  of  them. 

Mnor  4,  Minor  Defects.— 

Defects.  -^ 

(a)  Thick  and  Thin  Places. — ^Places  where  the  count  varies  ten 
per  cent  or  over  from  the  specified  count  for  less  than  one  inch. 

(b)  Slack  and  Tight  Warp  or  Filling  Threads.— Threaids  havmg  too 
little  or  too  much  tension. 

(c)  Slug. — ^A  bxmch  of  lint  entangled  in  the  fabric. 

(i)  Sewed  Thread. — ^A  thread  interwoven  by  hand  to  correct  a 
defect. 

(e)  Knot. — ^A  joining  of  portions  of  a  full-ply  thread  by  a  knot. 

(/)  Mispick  or  Broken  Pick. — A  missing  or  partly  missing  pick 
causing  a  streak  across  the  width  of  the  fabric. 

(g)  Float. — ^Incorrect  interlacing  of  warp  and  filling  threads. 

(A)  Reed  Mark. — Irregularity  in  warp  count  due  to  a  sprung  reed. 

(x)  Split  or  Chafed  Yarn. — One  or  more  ends  of  ply  yam  broken 
and  chafed  into  a  bunch. 

(j)  Dirty  Yam. — Requires  no  definition. 

(k)  Wrong  Ply  Warp  Thread. — Requires  no  definition. 

(/)  Wrong  throw, — Is  caused  by  drawing  a  warp  thread  through 
the  wrong  harness  and  appears  in  the  fabric  as  a  streak  lengthwise 
due  to  the  filling  floating  over  more  than  one  warp  thread. 

Special  5.  Special  Defects.— 

Defects.  .  . 

(a)  Oil  Spots. — Requires  no  definition. 

(6)  Mixed  Filling  Yarn  of  Inferior  Grade. — Requires  no  definition. 
{c)  Smash. — Broken  warp  threads  caused  by  the  shuttle  getting 
caught  in  the  shed  during  weaving. 

(i)  Imperfect  Selvage. — Tight,  loose,  cut,  weak,  or  nicked  selvage. 
ie)  Wrong  Ply  Filling  Thread. — Requires  no  definition. 
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(O  Scoring  System  of  Grading. 

6.  Scoring  shall  be  based  on  major  and  minor  defects,  all  major  Grading, 
defects  counting  alike,  and  all  minor  defects  counting  alike. 

7.  On  a  basis  of  four  major  defects  or  twenty  minor  defects,  or 
any  combination  of  these,  being  permissible  in  a  roll  of  100  sq.  yd., 
the  scoring  shall  be  as  follows: 

Deduct  25  from  100  for  each  major  defect  in  100  sq.  yd. 
Deduct  5  from  100  for  each  minor  defect  in  100  sq.  yd. 
Add  the  remainder,  which  sum  shall  be  the  score. 

8.  Any  roll  of  100  sq.  yd.  giving  a  sima  of  100  or  above  shall  be 
graded  Grade  A. 

Any  roll  of  100  sq.  yd.  giving  a  sum  below  100  shall  be  graded 
Grade  B. 

9.  (a)  Grade  A  shall  be  understood  to  be  first  class  (entirely 
satisfactory  delivery). 

(b)  Grade  B  shall  be  subject  to  adjustment  or  rejection. 

Example. — ^A  roll  of  100  sq.  yd.  contains  2  major,  and  6  minor 
defects. 

100  100 

-50  -30 

50  70 

50+70-120  (Grade  i4) 

Example. — ^A  roll  of  100  sq.  yd.  contains  3  major  and  15  minor 
defects. 

100  100 

-75  -75 

25  25 

254-25-50  (Grade  5) 

10.  Special  defects  shall  be  subject  to  allowance  or  adjustment 
between  the  manufacturer  and  consumer  and  are  not  to  be  included 
in  the  scoring. 

TOLERANCES. 

11.  Tolerances  shall  be  the  limit  within  which  a  textile  must  Tolerances, 
come  in  its  specified  characteristics  in  order  that  it  shall  constitute 

a  good  delivery  on  contract.  They  may  be  classified  as  the  allowable 
limits  of  the  quantitative  characteristics  of  the  fabric  as  defined  in 
the  specifications.     The  following  tolerances  are  based  upon  the 
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Width. 


Weigfit  per 
Square  Yard. 

Count  per 
Inch. 


Bow. 


0£F-8quare. 
Gage. 


Tensile 
Strength. 
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Standard  General  Methods  of  Testing  Cotton  Fabrics  (Serial  Desig- 
nation: D  39)  of  the  American  Society  for  Testing  Materials.* 

12.  (a)  No  individual  measurement  made  to  determine  the  width 
of  the  fabric  shall  be  more  than  2  per  cent  over  or  1  per  cent  under 
the  specified  average  width. 

{b)  The  average  width  determined  by  measurements  shall  be  not 
more  than  1  per  cent  over  nor  0.5  per  cent  under  the  specified  average 
width. 

13.  The  weight  of  the  fabric  determined  by  test  shall  be  not  less 
than  16.9  oz.  nor  more  than  17.6  oz. 

14.  The  count  per  inch  determined  by  test  shall  be  not  more  than 
0.2  ends  over  nor  0.4  ends  under  the  specified  count,  and  not  more  than 
1  pick  over  or  under  for  the  filler. 

15.  The  bow  determined  by  test  shall  be  not  more  than  f  in.  over 
or  under  the  bow  specified. 

Note. — ^Bow  should  be  ascertained  by  five  determinations  made  throughout 
the  roll  commencing  at  least  10  yd.  from  either  end  of  the  roll. 

16.  The  allowable  variation  in  the  off-square  of  the  fabric  shall 
be  3  per  cent  over  or  under  the  specified  percentage  off  square. 

17.  The  average  thickness  determined  by  test  shall  not  vary 
more  than  0.002  in.  under  or  over  the  specified  thickness  in  fabrics 
made  of  combed  staple,  and  not  more  than  0.003  in.  under  or  over 
the  specified  thickness  in  fabrics  made  from  carded  staple. 

18.  The  average  tensile  strength  of  the  warp  and  the  average 
tensile  strength  of  the  filling  found  by  test  shall  be  not  less  than  the 
specified  tensile  strength. 

» 1921  Book  of  A.S.T.M.  Standards. 
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TENTATIVE  METHODS  OF  TESTING 
TEXTILES.^ 

Serial  Designation :    D  76  -  22  T. 

This  is  a  Tentative  Standard  only,  published  for  the  purpose  of  eliciting 
criticism  and  suggestions.  It  is  not  a  Standard  of  the  Society  and  un^l  its 
adoption  as  Standard  it  is  .subject  to  revision. 

Issued,  1920;  Revised,  1922. 

1.  Textile  testing  machines  shall  be  of  the  inclination  bal-  Type  of  Machine, 
ance  or  pendulum  type. 

2.  In  selecting  the  proper  capacity  of  testing  machine  for  a  Testing  Machine 
given  fabric,  it  is  recommended  that  the  maximum  capacity  of  Capacity. 

the  machine  shall  conform  to  the  following: 

Breaking  Stsbngth  Maximum  Macbinx 

or  Fabric,  lb.  Capacity,  lb. 

0-25   50 

10-50   100 

20-100 150 

50-200 300 

5(5  -  300 . . .' 400 

250-650 800 

3.  The  naaximum  angle  of  swing  of  the  pendulmn  shall  be  Angle  of 
40  deg.  from  the  vertical.  Penduiom. 

4.  The  rate  of  loading  in  textile  testing  machines  shall  be  Rate  of  Loading. 
250  lb.  per  1  in.  of  traverse  of  the  head  jaw. 

5.  The  jaws  in  textile  testing  machines  shall  be  of  the  flat  Type  of  jaw. 
anvil  type,  both  anvils  being  free  to  swing  on  a  horizontal  axis. 

The  anvil  faces  shall  be  smooth  and  no  friction  cloth  shall  be 
used.  The  anvils  shall  be  closed  at  a  uniform  and  invariable 
pressure  by  means  of  an  eccentric  and  lever. 

6.  Crimp  shall  be  defined  as  the  difference  in  distance  crimp. 
between  any  two  points  on  a  yanv,in  a  fabric  and  the  same  two 
points  after  the  yam  has  been  removed  and  straightened.    This 
difference  shall  be  reduced  to  percentage  of  the  yam  length  as  it 

lies  in  the  fabric. 

*  Criticisms  of  these  Tentative  Methods  are  solicited  and  should  be  directed  to  Mr.  R.  T. 
Fisher,  Secretary  of  Committee  D-13  on  Textile  Materials,  National  Association  of  Cotton 
Manufacturer*,  45  Milk  St.,  Boston,  Mass. 

(971) 
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Off-square. 


ICethod  of 
Determinlnc 
Crimp  in  Tire 
Fabric 


Note. — "Crimp"  shall  not  be  confused  with  *' take-up"  which  is  the  per- 
centage difference  between  the  yam  length  after  straightening  and  the  yam 
length  as  it  lies  in  the  fabric  based  on  the  straightened  yam  length.  The 
threads  for  the  "take-up"  test  shall  be  straightened  with  the  same  machine 
used  for  the  "crimp"  test,  but  for  this  test  it  shall  be  equipped  with  an  extra 
scale  on  the  dial,  in  which  case  the  scale  shall  be  plainly  marked  "crimp"  and 
"take-up." 

7.  The  percentage  of  warp  crimp  minus  the  percentage  of 
filling  crimp  shall  be  defined  as  the  off-square  of  the  fabric 

8.  Threads  for  crimp  test  of  tire  fabric  shall  be  taken  from 
the  inside  edge  of  test  piece  as  near  the  center  line  of  the  roll  as 
possible.  Threads  for  crimp  test  shall  be  laid  out  by  marking 
across  them  in  the  fabric  parallel  lines  not  less  than  6  in.  apart. 
An  even  number  of  threads  not  less  than  four  in  number  shall 
be  taken  for  each  warp  and  each  filling  test.  These  threads 
shall  be  ravelled  from  the  fabric  after  marking,  allowing  about 
2  in.  extra  on  each  end  of  the  threads  beyond  the  marks.  The 
threads  shall  then  be  straightened  by  a  machine  which  applies 
a  constant  load  of  75  g.  and  'the^  length  between  the  original 
markings  shall  then  be  read  in  terms  of  the  yam  length  as  it 
lay  in  the  fabric.  The  machine  shall  be  equipped  with  a  dial 
or  scale  so  arranged  as  to  read  the  percentage  crimp  directly. 
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TENTATIVE  METHODS  OF  TESTING 
COTTON  FIBERS.^ 

Serial  Designation:  D  152-22  T. 

This  is  a  Tentative  Standard  only,  published  for  the  purpose  of  eliciting  criti- 
cism and  suggestions.  It  is  not  a  Standard  of  the  Society  and  until  its  adoption  as 
Standard  it  is  subject  to  revision. 

Issued,  1922. 

1.  The  strength  shall  be  the  strength  of  a  group  of  fibers  expressed  Group 
in  terms  of  a  weight  equal  to  a  unit  weight  of  20s  yam.  Method*  ^*** 


Fig.  1. — ^Brushing  to  Remove  Short  Fibers. 


I.    PREPARATION   OF  SAMPLE. 


2.  (a)  The  cotton  shall  be  pulled  down  in  the  customary  manner  Preparation 
of  a  cotton  classer  which  produces  fibers  that  are  essentially  parallel.  ®'  Sample. 

(6)  The  fibers  shorter  than  J  in.  shall  be  removed  by  means  of  a 
small  brush.     See  Fig.  1. 

{c)  The  group  or  bimdle  of  fibers  shall  be  cut  to  equal  J  in.  to 
assure  all  fibers  being  J  in.  long.     See  Fig.  2. 

^Criticisms  of  these  Tentative  Methods  are  solicited  and  should  be  directed  to  Mr.  R.  T. 
Fisher,  Secretary  of  Committee  D-13  on  Textile  Materials,  National  Association  of  Cotton  Manti* 
facturers.  45  Milk^St..tBoston.  Mass. 

(973) 
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(d)  The  bundles  shall  be  weighed,  each  bundle  to  weigh  approxi- 
mately 0.004  g. 

(e)  The  ends  of  each  group  shall  be  cemented  with  collodion  to 
prevent  the  fibers  from  slipping.     See  Fig.  3. 

Five  bundles  shall  be  used. 


Fig.  2. — Cutting  Fibers  to  Equal  Length. 


Fig.  3. — Cementing  Ends  of  Fiber  Groups. 

II.     PROCEDURE. 

3.  The  samples  shall  be  exposed  to  a  relative  humidity  of  70  per 
cent  for  two  hours  before  weighing  and  before  testing  for  strength. 
Machine.  4.  The  conventional  inclination  balance  testing  machine  of  10-lb. 

capacity  shall  be  used  with  the  clamp  moving  at  the  rate  of  12  in. 
per  minute. 


Moiitore* 
Conditioiw 
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The  distance  between  the  clamps  shall  be  J  in. 

The  clamps  shall  be  flat,  of  the  metal  or  rubber  insert  type,  §  in. 
in  width  and  §  in.  in  depth. 

5.  The  result  shall  be  expressed  in  terms  of  an  equivalent  weight  Result, 
of  20s  yam  by  the  formula: 

Strength  in  otinces  of  cotton     __     Sum  of  Strengths  in  pounds  X  16X453.6X7 
equal  to  unit  of  20s  yam         ""     Sum  of  Weights  in  grams  X  840  X  20  X  36  X  8 
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TENTATIVE  DEFINITIONS  OF  TERMS  RELATING 
TO  TEXTILE  MATERIALS.^ 

Serial  Designation:  D  123-22  T. 

This  is  a  Tentative  Standard  only,  published  for  the  purpose  of  eliciting  criti- 
cism and  suggestions.  It  is  not  a  Standard  of  the  Society  and  until  its  adoption  as 
Standard  it  is  subject  to  revision. 

Issued,  1921;   Revisbd,   1922. 

(A)  Mechanical  Fabric. 

1.  The  term  "Mechanical  Fabric"  shall  be  understood  to  mean 
fabric  manufactured  to  be  used  as  an  intermediate  product  in  the 
making  of  some  mechanically  constructed  article. 

2.  Mechanical  fabrics  shall  be  referred  to  by  the  following 
descriptive  nomenclature: 

(a)  A  word  or  phrase  generally  descriptive  of  the  appearance  of 
the  material,  or  the  use  to  which  it  is  put. 

(b)  Weijght  in  oimces  per  square  yard.  The  words  "oz.  sq.  yd." 
are  to  be  written  after  the  weight.  To  avoid  confusion  in  regard  to 
weight  of  material,  it  is  suggested  that  inmaediately  succeeding  the 
square  yard  weight,  the  weight  of  the  material  on  whatever  basis  may 
have  been  used  previous  to  the  adoption  of  these  standards  be  inserted 
in  brackets.  Table  I  gives  the  conversion  values  of  linear  yard 
weight  to  square  yard  weight. 

(c)  Width  in  inches. 

(d)  Count,  giving  first  the  ends,  and  second  the  picks  per  inch. 
Example:  Hose  Duck,  9  oz.  sq.  yd.  [40  in.  10  oz.],  48  in.,  28  by  18. 

3.  The  following  is  a  partial  list  of  mechanical  fabrics  in  general 
use: 

Tire  Builder  Fabric, — A  square  woven  fabric  having  usually  11- 
ply  yam  in  both  warp  and  filling. 

Tire  Cord  Fabric. — A  fabric  consisting  of  hawser  cord  yam  in  the 
warp,  with  single  yarn  filling  at  intervals  to  keep  warp  threads  together. 

Hose  Duck. — ^A  soft,  plain-weave  duck  of  plied  yams  not  finer 
than  No.  8,  made  in  weights  from  10  to  24  oz.  to  the  40-in.  width. 
When  made  of  finer  yam  than  No.  8,  it  is  classed  as  Special  Hose  Duck. 

>  Critidsnu  of  these  Tentative  Definitions  are  solicited  and  should  be  directed  to  Mr.  R.  T. 
Fisher,  Secretary  of  Committee  D-I3  on  Textile  Materials,  National  Association  of  Cotton  Msnu- 
facturers,  45  Milk  St.,  Boston,  Mass. 
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Rubber  Belt  Duck, — A  soft,  plain-weave  duck  of  plied  yarns  not 
finer  than  No.  8,  weight  ranging  from  22  to  36  oz.  to  42-in.  width. 
When  made  of  finer  yarn  than  No.  8,  it  is  classed  as  Special  Belt 
Duck. 

Batata  Belt  Duck. — A  closely  woven  fabric  made  of  hard  twisted 
plied  yarn  usually  made  in  wide  widths,  the  weight  being  based  on  the 
square  yard. 

Oil  Belt  Duck, — A  closely  woven  fabric  of  plied  yams  not  over 
No.  8,  made  in  a  variety  of  widths,  usually  a  32-oz.  fabric,  the  weight 
being  based  on  the  square  yard. 

Numbered  Duck, — ^A  plain  woven  fabric  of  plied  yams  ranging 
from  coarse  to  fine  numbers,  the  weight  being  based^on  22-in.  width. 

Army  Duck, — ^A  closely  woven  fabric  of  plied  yarns,  usually  rang- 
ing between  7  to  12  oz.,  the  weight  being  based  on  27|-in.  width. 

Single  Filled  or  Flat  Duck. — A  fabric  made  of  single  yarn,  plain 
weave,  tiie  weight  being  based  on  30-in.  width. 

Enameling  Duck, — A  plain  woven  fabric  with  laid  warp  and  plied 
yam  filling,  weight  being  based  on  46i-in.  width. 

(B)  Cotton  Fabrics  Other  than  Mechanical  Fabrics, 

4.  Twill, — A  weave  which  produces  pronounced  lines  running 
diagonally  across  the  fabric,  some  of  which  are  known  as  follows: 

(a)  Drills, — A  commercial  term  for  a  fabric  with  warp  face  twill 
usually  made  with  three  harnesses  and  single  yarns. 

(6)  Alberts, — ^A  commercial  term  for  a  fabric  with  filling  face 
usually  made  with  four  or  five  harnesses. 

(c)  Jeans. — ^A  commercial  term  for  a  fabric  with  warp  face  twill 
like  a  drill  but  with  higher  count  and  finer  yarns. 

{d)  Serge. — A  commercial  term  for  a  fabric  of  twill  weave  made 
with  four  harnesses  2  by  2. 

{e)  Clay, — A  commercial  term  for  a  fabric  similar  to  a  serge  but 
made  with  six  harnesses  3  by  3. 
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Tentative  Revisions  of  A.S.T.M.  Standards  are  printed  for 
one  or  more  years  with  a  view  of  eliciting  criticismSi  of  which 
the  committee  concerned  will  take  due  cognizance  before  recom- 
mending final  action. 

Members  of  the  Society  and  others  are  invited  to  direct 
written  criticisms  of  any  of  these  Tentative  Revisions  to  the 
officer  of  the  appropriate  committee,  whose  name  and  address 
appear  in  the  footnote  in  connection  with  each  revision* 
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TENTATIVE  REVISIONS  OF  A.S.T.M.  STANDARDS. 


A.  FERROUS  METALS. 

STANDARD  SPECIFICATIONS  FOR  STEEL  TRACK  SPIKES. 
(Serial  Designation:  A  65-  18.)^ 

Section  6. — Change  to  read  as  follows: 

''The  spikes  shall  conform  to  the  dimensions  specified  by  the  ptirchaser 
except  that  a  variation  of  ^  in.  over  and  ^  in.  under  the  specified  dimension 
of  the  body  of  the  spike,  and  a  variation  of  i  in.  over  and  ^  in.  under  the 
specified  dimension  of  the  head  of  the  spike  will  be  permitted.  A  variation  of 
i  in.  over  and  nothing  under  the  specified  length  of  the  spike,  measured  from 
the  under  side  of  the  head  to  the  point,  will  be  permitted.  A  variation  of 
1  deg.  in  the  specified  angle  of  the  tmder  side  of  the  head  of  the  spike  will  be 
permitted." 

STANDARD    SPECIFICATIONS    FOR    LAP-WELDED    AND    SEAMLESS 
STEEL  BOILER  TUBES  FOR  LOCOMOTIVES. 

(Serial  Designation:  A  28-21.)^ 

Section  14  (c). — ^Divide  this  section  into  two  separate  paragraphs 
(c)  and  {d)  as  follows,  reletteiing  Paragraph  (d)  to  Paragraph  (e) : 

"  (c)  The  thickness  of  hot-finished  tubes  at  any  point  shall  not  exceed  two 
gages  above  or  one  gage  below  that  specified,  but  in  all  cases  the  weight  varia- 
tion shall  be  within  that  specified  in  Paragraph  13  (b), 

**  (d)  In  the  case  of  boiler  tubes  that  are  expanded  and  swaged,  the  thick- 
ness of  the  expanded  end  may  be  IJ  gages  lighter  and  the  swaged  end  three 
gages  heavier  than  the  thickness  specified." 

STANDARD  SPECIFICATIONS  FOR  WELDED  AND  SEAMLESS  STEEL 

PIPE. 

(Serial  Designation:  A  53-21.)* 

Tables  I  and  II. — Omit  the  words  "Black  and  Galvanized"  now 
appearing  under  the  titles  of  these  tables. 

STANDARD   SPECIFICATIONS  FOR  AUTOMOBILE  CARBON  AND 

ALLOY  STEELS. 

(Serial  Designation:  A  29-21.)' 
Table  I. — Add  to  the  present  table  the  five  following  compositions: 


1 1921  Book  of  A.S.T.M.  Standards.    Criticisms  of  this  revision  are  solicited  and  should  b«  directed 
to  Mr.  O.  H.  Woodroffe,  Secretary  of  Committee  A-1  on  Steel,  Parlcesburg  Iron  Co.,  Parkesburg.  Fa. 
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Carbon 

Manganese. 

Phoephorua. 

Sulfur. 

Desired. 

PermiflBiUe 
Range 

Desired. 

Perminible 
Range. 

Not  Over 

Not  Over 

0.15 
0.30 
0.40 
0.46 
0.60 

0.10-0.20 
0.25-0.36 
0.36-0.45 
0.40-0.50 
0.45-0.55 

0.45 
0.65 
0.65 
0.40 
0.65 

0.30-0.60 
0.60-0.80 
0.60-0.80 
0.30-0.50 
0.50-0.80 

0.045 

0.05 

Table  II, — ^In  the  steel  of  0.15  per  cent  carbon,  change  the  man- 
ganese requirement  from  0.65  per  cent  desired  (permissible  range 
0.50  -  0.80  per  cent)  to  0.45  per  cent  desired  (permissible  range  0.30  - 
0.60  per  cent). 

Add  to  the  present  table  the  following  composition: 


Carbon. 

Phosphorus. 

Sulfur. 

Nickel. 

Desired. 

Penniflsible 
Range. 

Desired. 

Permissible 
Range. 

Not  Over 

Not  Over 

Desired. 

Range. 

0.50 

0.45-0.55 

0.65 

0.50-0.80 

0.04 

0.045 

3.50 

3.25-3.76 

Table  IIL  (With  IM  per  cent  Nickel)— In  the  steel  of  0.20  per 
cent  carbon,  change  the  manganese  from  0.65  per  cent  desired  (per- 
missible range  0.50  -  0.80  per  cent)  to  0.45  per  cent  desired  (permissible 
range  0.30  -  0.60  per  cent). 

Add  to  the  present  table  the  following  composition: 


Carbon. 

Manganese. 

Phosphorus. 

Sulfur. 

Nickel. 

\  ■^nrofffumtta 

Desired. 

Permissible 
Range. 

Desired. 

Permissible 
Range.     . 

Not 
Over 

Not 
Over 

Desired. 

Permissible 
Range. 

Desired. 

PermisriUe 
Range. 

0.15 

0.10-0.20 

0.45 

0.30-0.60 

0.04 

0.04 

1.25 

1.00-1.50 

0.60 

0.46-0.75 

Table  III.     {With  1,75  per  cent  Nicket)— Add  to  the  present 
table,  the  two  following  compositions: 


Carbon. 

Manganese. 

Phosphorus. 

Sulfur. 

NiekeL 

ChroDSum. 

Desired. 

Permissible 
Range. 

Desired. 

Permissible 
Range. 

Not 
Over 

Not 
Over 

Desired. 

Permissible 
Range. 

Desired. 

Range. 

0.15 
0.46 

0.10-0.20 
0.40-0.60 

0.45 
0.45 

0.30-0.60 
0.30-0.60 

0.04 
0.04 

0.04 
0.01 

1.75 
1.75 

1.50-2.00 
1.60-2.00 

1.10 
1.10 

0.90-1.25 
0.90-1.26 

Table  IIL  {With  S.50  per  cent  Nickel), — Omit  the  compositions 
appearing  mider  the  heading  "With  3.50  per  cent  Nickel"  and  insert 
the  following  compositions: 
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Carbon. 

Manganeic 

Phoephorua, 

Sulfur. 

Nidka 

Cliromium. 

Deebed. 

Penninible 
Range. 

Deared. 

Pennittible 
Range. 

Not 
Over 

Not 
Over 

DeaiiwL 

PermiflBible 
Range. 

Desired. 

Penniarible 
Range. 

0.12 
0.25 
0.35 
0.40 

Max..  0.17 
0.20-0.30 
0.30-0.40 
0.35-0.45 

0.45 

0.30-0.60 
•• 

0.04 
.  «« 

0.04 

3.60 

3.25-3.75 
•• 

1.50 

*• 

1.25-1.75 

M 

Table  IV. — Omit  the  present  compositions  and  insert  the  follow- 


ing: 


Oarboo. 

Manganese. 

Fhosphorufl. 

Solfor. 

Chrooiium. 

Deeired. 

Penninble 
Range. 

Desired. 

Permiasible 
Range. 

Not  Over 

Not  Over 

Desired 

Permissible 
Range. 

0.20 
0.40 
0.50 
1.00 

0.15-0.25 
0.85-0.45 
0.45-0.55 
005-1.10 

0.45 
0.65 
0.65 
0.35 

0.30-0.60 
0.60-0.80 
0.50-0.80 
0.20-0.50 

004 
0.04 
0.04 
0.03 

0.045 
0.045 
0.045 
0030 

0.75 
0.95 
0.95 
1.35 

0.60-0.90 
0.80-1.10 
0.80-1.10 
1.20-1.50 

Omit  the  present  footnote  (a)  as  appearing  under  Table  IV. 

Table    VIL — Omit   the   present   compositions   and   insert    the 
following: 


GbrboD. 

Manganese. 

Phosphonis. 

Sulfur. 

SUiron. 

Desired. 

Permissible 
Range. 

Desired. 

Permissible 
Range. 

Not  Over 

Not  Over 

Desired. 

Permissible 
Range. 

0.50 
0.60 

0.45-0.55 
0.55-0.65 

0.75 

0.60-0.90 
•* 

0.045a 

0.045 

2.00 

1.80-2.20 
•• 

a  Steels  made  by  the  add  process  may  oontam  0.05  maximimi  phosphorus. 

STANDARD  SPECIFICATIONS  FOR   WELDED  WROUGHT-IRON   PIPE. 
(Serial  Designation:  A  72-21.)» 

Section  S  (a). — Change  the  words  "puddled  pig  iron"  to  read  "all 
pig  puddled  iron." 

Omit  the  words  "Black  and  Galvanized"  from  under  the  titles 
of  Tables  I  and  II. 


>  1921  Book  of  A.S.T.M.  Standards.  Criticisms  of  this  revision  are  solicited  and  should  be  directed 
to  Mr.  J.  B.  Young.  Secretary  of  Committee  A-7  on  Wrought  Iron,  Philadelphia  and  Reading  Railway 
Co..  Reading.  Pa. 
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STANDARD  SPECIFICATIONS  FOR  WROUGHT-IRON  ROLLED  OR 
FORGED  BLOOMS  AND  FORCINGS  FOR  LOCOMOTIVES  AND 

CARS. 
(Serial  Designation:  A  73  -  18.)* 

Section  6  (a). — Change  the  requirements  given  in  the  table 
included  in  Section  6  (a)  from  their  present  form:  namely, 

Tensile  strength,  lb.  per  8q.  in 45  000 

Yield  point,  lb.  per  sq.  in 0.5  tens.  str. 

Elongation  in  4  in.,  per  cent 22 

Reduction  of  area,  per  cent 30 

to  read  as  follows: 

Blooms.  FoftcncGS. 

ClASSBS  A  AMD  B. 

Tensile  strength,  lb.  per  sq.  in 45  000  45  000 

Yield  point,  lb.  per  sq.  in 0.5  tens.  str.  0. 5  tens.  str. 

Blongation  in  4  in.,  per  cent 22  24 

Reduction  of  area,  per  cent 30  33 

STANDARD  SPECIFICATIONS  FOR  FOUNDRY  PIG  IRON. 
(Serial  Designation:  A  43-09.)* 

A  revision  in  the  form  of  separate  tentative  specifications  entitled 
"Specifications  for  Foundry  Pig  Iron  (A  43  -  22  T)"*  is  intended  to 
replace  the  present  standard  specifications. 

STANDARD  SPECIFICATIONS  FOR  MALLEABLE  CASTINGS. 
(Serial  Designation:  A  47-  19.)* 

Section  S. — Change  to  read  as  follows  by  the  addition  of  the 
italicized  figures  and  the  omission  of  the  figures  in  brackets: 

''The  tension  test  specimens  specified  in  Section  5  shall  conform  to  the 
following  minimum  requirements  as  to  tensile  properties: 

Tensile  strength,  lb.  per  sq.  in [45  000]  50  000 

Elongation  in  2  in.,  per  cent [7.5]      10. 0^* 

Section  6  (6). — Add  a  sentence  to  read  as  follows: 
"In  case  one  of  the  retest  specimens  contains  a  flaw  which  results  in  the 
failure  of  the  bar  to  meet  the  specifications,  at  the  discretion  of  the  inspector 
additional  test  specimens  from  t^e  same  oven  may  be  tested,  or  test  specimens 
may  be  cut  from  castings." 

1 192!  Book  of  A.S.T.M.  Standards.  Criticisms  of  this  revision  are  solicited  and  should  be  directed 
to  Mr.  J.  B.  Yottng.  Secretary  of  Committee  A-2  on  Wrought  Iron.  Philadelphia  and  Reading  Railway 
Co.,  Reading,  Pa. 

*  1921  Book  of  A.S.T.M.  Standards.  Criticisms  of  this  revision  are  solicited  and  should  be  directed 
to  Mr.  G.  C.  Davies,  Secretary  of  Committee  A-3  on  Cast  Iron.  1410  Real  Estate  Trust  Building. 
Philadelphia,  Pa. 

*  See  p.  566. 

*  1921  Book  of  A.S.T.M.  Standards.  Criticisms  of  this  revision  are  solicited  and  should  be  directed 
to  Mr.  Enrique  Touceda,  Secretary  of  Committee  A-7  on  Malleable  Castings.  Broadway.  Comer 
Thatcher  St..  Albany,  N.  T. 
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It  is  further  recommended  that  the  standard  test  specimen  be 
modified  to  conform  to  the  dimensions  shown  in  Fig.  1.  As  may  be 
noted,  this  changes  the  total  length  of  the  test  specimen  from  12  in. 
to  7j  in.  and  gage  length  from  4  in.  to  2  in. 

STANDARD  METHODS  OF  CHEMICAL  ANALYSIS  OF  PLAIN 
CARBON  steel. 

(Sbrial  Designation:  A  33*  14.)^ 

A  revision  in  the  form  of  separate  methods  of  chemical  analysis, 
entided  "Methods  of  Chemical  Analysis  of  Plain  Carbon  Steel  (A  33  - 
22  T)  "*  is  intended  to  replace  the  present  standard  methods. 


k- 7i'    .    ^ 


» • 


^'iSr 


•* 


Fig.  1. 


STANDARD  METHODS  OF  CHEMICAL  ANALYSIS  OF  ALLOY 

STEELS. 

(Serial  Designation:  A  55  -  15.)^ 

A  revision  in  the  form  of  separate  methods  of  chemical  analysis, 
entitled  "Methods  of  Chemical  Analysis  of  Alloy  Steels  (A  55  -  22  T)» 
is  intended  to  replace  the  present  standard  methods. 

RECOMMENDED   PRACTICE   FOR   ANNEALING    OF   CARBON-STEEL 

CASTINGS 

(Sesul  Designation:  A  36-14.)* 

A  revision  in  the  form  of  a  separate  recommended  practice  en- 
titled "Recommended  Practice  for  Heat  Treatment  of  Carbon-Steel 
Castings  (A  36  -  22  T)  "*  is  intended  to  replace  the  present  recom- 
mended practice. 

>  1921  Book  of  A.S.T.M.  Standards.  Critidasns  of  this  revision  are  solicited  and  should  be  directed 
to  Mr.  G.  H.  Woodroffe,  Secretary  of  Committee  A-1  on  Steel.  Parkesbnrg  Iron  Co..  Parkesborg.  Pa. 

>  See  p.  578. 

•  See  p.  600. 

« 1921  Book  of  A.S.T.M.  Standards.  Criticisms  of  this  revision  are  sdkated  and  shoold  be  directed 
to  Mr.  J.  H.  Hall.  Secretary  of  Committee  A-4  on  Heat  Treatment  of  Iron  and  Steel,  Taylor-Wharton 
Iron  and  Steel  Co.,  High  Bridge,  N.  J. 

•  See  p.  643. 
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B.  NON-FERROUS  METALS. 

STANDARD  SPECIFICATIONS  FOR  HARD-DRAWN  COPPER  WIRE. 
(Serial  Designation:  B  1  -  15.)* 

Remove  from  Specifications  B  1  -  15  all  requirements  specifically 
covering  trolley  wire  only,  so  that  the  specifications  will  cover  only 
roimd,  hard-drawn  copper  wire. 


C.  CEMENT,  LIME,  GYPSUM  AND  CLAY  PRODUCTS. 

STANDARD  SPECIFICATIONS  AND  TESTS  FOR  PORTLAND  CEMENT. 
(Serial  Designation:  C  9-21.)* 

A  revision  in  the  form  of  a  separate  tentative  specification  entitled 
"Specifications  and  Tests  for  Compressive  Strength  of  Portland 
Cement  Mortars  (C  9-  16  T)''*  is  intended  to  become  a  part  of  the 
present  standard  specifications. 

STANDARD  SPECIFICATIONS  FOR  PAVING  BRICK. 
(Serial  Designation:  C  7-15.)* 

Include  in  the  specifications  the  following  requirements  for  sizes 
of  brick: 

Width,        Depth.      Lkngth. 
In.  In.  In. 

Plain  wire-cut  brick  (vertical  fiber,  lugless) ....  3  4  8  J 

a  u  it  u  u  "        ....  3i  4  8J 

Repressed  lug  brick 3J  4  8J 

Wire-cut  lug  brick  (Dunn) 3i  3  8 J 

"  "       "  "         3i  3i  8} 

"  "     ."  "        3J  4  8} 

Hillside  lug  brick  (repressed) 3  J  4  8  J 

STANDARD  SPECIFICATIONS  FOR  CLAY  SEWER  PIPE. 
(Serial  Designation:  C  13-20.)» 

Section  6. — Omit  the  last  sentence.  Add  to  the  preceding  sen- 
tence the  words  "except  that  in  no  case  shall  the  number  of  specimens 
furnished  be  less  than  five." 

1 1921  Book  of  A.S.T.M.  Standardi.  Criticisms  of  this  revision  are  solicited  and  should  be  directed 
to  Mr.  J.  A.  Capp.  Chairman  of  Committee  B-1  on  Copper  Wire.  General  Electric  Co.,  Schenectady. 
N.Y. 

*  192!  Book  of  A.S.T.M.  Standards.  Criticisms  of  this  revision  are  solicited  and  should  be  directed 
to  Mr.  R.  B.  Young,  Secretary  of  Committee  C-1  on  Cement.  Hydro-Electric  Power  Commission 
of  Ontario.  8  Strachan  Ave.,  Toronto,  Ontario.  Canada. 

»  Proceedings,  Am.  Soc.  Test.  Mats.,  Vol.  XX.  Part  I,  p.  599  (1920). 

*  192!  Book  of  A.S.T.M.  Standards.  Criticisms  of  this  revision  are  solicited  and  should  be  directed 
to  Mr.  W.  £.  Emley.  Secretary  of  Committee  C-3  on  Brick.  U.  S.  Bureau  of  Standards,  Washing- 
ton. D.  C. 

*  1921  Book  of  A.S.T.M.  Standards.  Criticisms  of  this  revision  are*solicited  and  should  be  directed 
to  Mr.  G.  T.  Hammond.  Secretary  of  Committee  C-4  on  Clay  and  Cement  Sewer  Pipe.  156  Berksley 
Plaot.  Brooklyn,  N.  Y. 
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Section  7. — Insert  after  the  word  "test"  in  the  seventh  line,  the 
words  "without  charge."  Onut  the  words  "without  charge"  in  the 
eighth  line  and  substitute  the  words  "  to  be  selected  as  specified  in  Sec- 
tion 6."    Add  a  new  paragraph  to  read  as  follows: 

"In  addition  to  the  foregoing  requirements,  failure  of  individual  specimens 
to  develop  75  per  cent  of  the  average  crushing  strength  requirements  shall  be 
cause  for  rejection  of  the  shipment,  but  the  seller  may  cull  the  pipe  and  submit 
the  balance  of  the  shipment  for  re-test,  and,  if  the  shipment  then  passes  all 
of  the  requirements  of  these  specifications,  it  shall  be  accepted." 

Section  11, — Omit  the  portion  of  the  last  sentence  reading  as 
follows: 
"and  by  then  multipl)dng  the  quotient  by  the  following  factors: 

For  knife  or  two-edge  bearings \p 

"    three-edge  bearings \p 

"    sand  bearings l.OO" 

Table  II, — ^Amend  Table  II  to  read  as  follows: 
Table  II. — Physical  Test  Requirements  of  Clay  Sewer  Pipe. 


Averase  Crushing  Strength, 
lb.  per  lin.  foot. 

Maximum 

Internal  Diameter,  in. 

Knife  Edge' and 

Three-Point* 

BearinflB. 

Sand 
Bearing.' 

Abeorption, 
peroent. 

4 

1000 
1000 
1000 
1100 
1200 
1370 
1540 
1810 
2150 
2300 
2580 
2750 
3080 
3300 
3520 

1430 
1480 
1430 
1570 
1710 
1960 
2200 
2590 
3070 
3370 
3090 
3930 
4400 
4710 
5030 

6 

8 ; 

10 

12 

16 

18 

21 

24 

27 

30 

33 

30 

89 

42 

I  See  Section  11.    >  See  Section  12.    *  See  Section  13. 

STANDARD  SPECIFICATIONS  FOR  CEMENT-CONCRETE 

SEWER  PIPE. 

(Serial  Designation:  C  14-20.)* 

Section  6, — Omit  the  last  sentence.  Add  to  the  preceding  sen- 
tence the  words  "except  that  in  no  case  shall  the  number  of  specimens 
furnished  be  less  than  five." 

Section  7. — Insert  after  the  word  "test"  in  the  seventh  line,  the 
words  "without  charge."     Omit  the  words  "without  charge"  in  the 

1 1921  Book  of  A.S.T.M.  Standards.  Criticisms  of  this  revision  are  solicited  and  should  be  directed 
to  Mr.  G.  T.  Hammond,  Secretary  of  Committee  C-4  on  Clay  and  Cement  Sewer  Pipe.  156  Berkeley 
Place.  Brooklyn.  N.  Y. 
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eighth  line  and  substitute  the  words  "to  be  selected  as  specified  in 
Section  6."    Add  a  new  paragraph  to  read  as  follows: 

"In  addition  to  the  forgoing  requirements,  failure  of  individual  specimens 
to  develop  75  per  cent  of  the  average  crushing  strength  requirements  shall  be 
cause  for  rejection  of  the  shipment,  but  the  seller  may  cull  the  pipe  and  submit 
the  balance  of  the  shipment  for  ri&-test,  and,  if  the  shipment  then  passes  all 
of  the  requirements  of  these  specifications,  it  shall  be  accepted." 

Section  11. — Omit  the  portion  of  the  last  sentence  reading  as 
follows: 

"and  by  then  multiplying  the  quotient  by  the  foUowing  factors: 

For  knife  or  two-edge  bearings \j^ 

"    three-edge  bearings \j^ 

"    sand  bearings 1.00" 

Table  11. — ^Amend  Table  II  to  read  as  follows: 
Table  II. — Physical  Test  Requirements  op  Cement-Concrete  Sewer  Pipe. 


^'•is.SrMr* 

Maiimum 

Internal  Diameter,  in. 

Knife  Edni  and 

Three^t^ 

BeariBffi. 

Sand 
Bearing.* 

Absorption, 
pereent. 

4 

1000 
1000 
1000 
1100 
1200 
1370 
1640 
1810 
2160 
2300 
2580 
2760 
8080 
3300 
3520 

1480 
1480 
1480 
1570 
1710 
1900 
2200 
2590 
8070 
8870 
8090 
3830 
4400 
4710 
6030 

g 

0 

8 

8 

10 

12 

15 

18 

21 

24 

27 

30 

38 

30 

39 

42 

>SeeSfletioDlL    >  See  Seotion  12.    *  Sea  Seetkm  13. 

STANDARD  SPECIFICATIONS  FOR  FIRE  TESTS  OF  MATERIALS 
AND  CONSTRUCTION. 

(Serial  Designation:  C  19-18.)* 

Section  2  (a). — Change  to  read  as  follows  by  the  addition  of  the 
italicized  words  and  the  omission  of  the  words  in  brackets: 

"The  temperature  fixed  by  the  curve  shall  be  deemed  to  be  the  average 
[true]  temperature  [of  the  furnace  gases  as]  obtained  from  the  readings  of 
several  thermo-couples  (not  less  than  three)  symmetrically  disposed  and  dis- 

1 192 1  Book  of  A.S.T.M.  Standarda.    Crttidama  of  thia  reviaion  are  aolidted  and  ahould  be  diracted 
to  Mr.  R.  P.  Miller.  Secretary  of  Committee  C-5  on  Fireproofing,  100  Morningaide  Drire.  New  York 

aty. 
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tributed  [in  such  a  manner  as]  to  show  [temperatures  of  the  gases]  the  tempera- 
tun  near  all  parts  of  the  sample,  said  thermo-couples  being  enclosed  in  sealed 
porcelain  tubes  of  ^-in,  outside  diameter  and  ^-in.  wall  thickness,  the  immersion 
of  the  couple  in  the  furnace  ckatnber  to  be  not  less  than  12  in.  Other  types  of  pro- 
teciing  tidfis  or  pyrometers  may  be  used,  thai  under  test  conditions  give  the  same 
indications  as  the  above  standard  within  the  limit  of  accuracy  thai  applies  for 
furnace  temperai/ure  measurements. 

For  gjreater  difference  of  design  and  size  the  time  temperature  curve  followed 
shall  be  modified  to  give  an  exposure  equal  to  that  obtained  by  using  the  standard 
pryometer  and  curve  above  described. 

Section  6. — Change  to  read  as  follows  by  the  addition  of  the 
italicized  words  and  the  omission  of  the  words  in  brackets: 

"The  fire  test  on  the  sample  with  its  applied  load,  if  any,  shall  be  continued 
until  failure  occurs,  or  until  it  has  withstood  the  test  conditions  for  a  period 
equal  to  [U  times  that  for  which  classification  is  desired]  thai  herein  specified  in 
the  Conditions  of  Acceptance  for  the  given  type  of  construction." 


Table  I. 


FkrtsafStnietar*. 


Trpeof 
Ftotoetioo. 


SiMof 
Hose 

Nonle. 
in. 


Wftfter 


fttNooU, 
lb. 


TbMof 
AppKcfttioB. 


Floon  tad  RooCf . 


Wslli(.  OohnuM]  Mid  IWtitioai. . 


Cofwmu. . 


hoar 


1/2* 

1/4* 

4      ' 
2      ' 

1      ' 
1/2* 

1/4- 

i  ' 

1      •' 
l/f- 


1  1/8 

1  1/8 

1  1/8 

1  1/8 

1  1/8 

1  1/8 

1  1/8 

1  1/8 

1  1/8 

1  1/8 

1  118 

1  m 

4  1/8 

1  tl8 

1  118 


flO 
50 
50 
30 
M80 

50 
30 
30 
30 

1151  ao 

BO 
80 
SO 

so 

SO 


»i 


tS.61 


lit 
118 


Section  7. — Change  to  read  as -follows  by  the  addition  of  the 
italicized  words  and  the  omission'  of  the  words  in  brackets: 

"A  second  test  with  duplicate  sample  shall  be  made  to  determine  the  effect 
of  a  hose  stream  on  a  sample  under  fire  test,  the  water  being  applied  at  the  end 
of  a  period  equal  to  [three-fourths]  one~half  of  that  for  which  classification  is 
desired,  but  not  later  than  one  hour  after  the  beginning  of  the  test;  except  that 
for  classification  periods  of  one-half  hour  or  less  the  fire  stream  test  may  be 
omitted. 

Table  I. — Change  Table  I,  referred  to  in  Section  8,  to  read  as 
indicated  in  the  accompan3ring  Table  I  by  the  addition  of  the  italicized 
word  and  figures  and  the  omission  of  the  word  and  figures  in  bracketi. 
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Section  9. — Change  to  read  as  follows  by  the  addition  of  the 
italicized  words  and  the  omission  of  the  words  in  brackets,  changing 
the  side  heading  from  "Loading"  to  "Loading  and  Additional  Tests": 

"For  any  material  or  cx)nstruction  intended  to  carry  load  other  than  its 
own  weight,  the  fjiU  [rated  safe]  working  load  shall  be  applied  during  the  entire 
fire  test,  also  during  the  fire  stream  test.  After  completion  of  the  fire  stream 
test,  the  sample  shall  be  subjected  to  [excess  loading  as  prescribed  imder  speci- 
fications for  the  different  structural  parts]  additional  tests  as  herein  specified  in 
the  Conditions  of  Acceptance  for  the  given  type  of  construction.*^ 

Add  a  new  Section  10,  under  the  sub-division  "Conduct  of  Fire 
Tests,"  entitled  "Time  of  Testing,"  to  read  as  follows: 

"The  material  or  construction  shall  not  be  tested  until  a  large  proportion 
of  its  final  strength  has  been  attained  and  the  excess  of  free  water  has  been 
given  off.  Where  this  cannot  be  attained  within  40  days,  artificial  drjring  with 
air  temperature  not  exceeding  100®  F.  shall  be  used." 

Section  10. — Renumber  the  present  Section  10  to  Section  12. 
Section  11, — Omit  this  section  reading  as  follows: 

"The  floor  or  roof  may  be  tested  as  soon  after  construction  as  desired, 
but  within  40  days.    Artificial  drying  will  be  allowed  if  desired." 

Section  12. — ^Transfer  this  section,  placing  it  under  the  sub- 
division "Conduct  of  Fire  Tests,"  renumbering  it  Section  11. 

Section  H. — Change  the  side  heading  to  read  "Conditions  of 
Acceptance." 

Section  H  (a). — Change  to  read  as  follows  by  the  omission  of  the 
words  in  brackets: 

"The  floor  or  roof  shall  have  sustained  safely  the  full  [rated  safe]  working 
load  during  the  fire  test  without  passage  of  flame  for  a  period  equal  to  IJ  times 
that  for  which  classification  is  desired." 

Section  18. — Change  the  side  heading  to  read  "Conditions  of 
Acceptance." 

Add  five  new  sections  relating  to  colunm  tests  to  read  as  follows: 

19.  Size  of  Sample. — ^For  colimm  tests,  the  length  of  the  column  exposed 
to  fire  shall  approximate  the  clear  length  of  the  member  in  the  structure,  and 
for  building  columns  shall  be  not  less  than  9  ft.  The  outside  lateral  dimensions 
shall  be  the  minimum  for  which  classification  is  desired.  The  details  of  con- 
struction, and  exposed  connections  and  protection,  if  any,  shall  be  applied 
according  to  the  methods  of  acceptable  field  practice. 

20.  Loading. — During  the  fire  test  and  the  fire  and  water  test,  a  constant 
working  load  shall  be  applied  to  the  column,  calculated  according  to  the  gov- 
erning design  r^ulations.  Provisions  shall  be  made  for  transmitting  the  load 
to^the  exposed  portion  without  unduly  increasing  the  effective  column  length. 
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21.  Measurements. — Measurements  shall  be  made  of  the  expansion  or 
depression  at  the  head  of  the  column  and  determination  of  the  period  of  expan- 
sion. Such  other  measurements  shall  be  made  of  deformation  and  of  tempera- 
ture of  the  column  as  will  give  the  most  useful  information  for  the  given  column 
type. 

22.  Position  of  Nozzle, — The  distance  of  the  nozzle  from  the  column  during 
the  application  of  water  shall  be  20  ft.,  the  water  being  applied  in  succession,  as 
imiformly  as  possible,  over  the  full  height  on  three  of.  its  sides. 

23.  Conditions  of  Acceptance. — ^The  test  shall  not  be  regarded  as  successful 
unless  the  following  conditions  are  met: 

(a)  The  column  shall  have  sustained  the  full  working  load  during  the 
fire  test  for  a  period  equal  to  — *  times  that  for  which  classification  is  desired. 

(b)  The  column  shall  have  sustained  the  full  working  load  during  the 
fire  stream  test  as  prescribed  in  Sections  7  and  8,  and  after  its  completion  and 
when  cold  shall  sustain  a  total  load  equal  to  the  dead  load  component  plus 
twice  the  live  load  component  of  its  design  working  load. 

(c)  After  the  fire  stream  test  the  column  when  dry  shall  withstand,  under 
working  load,  a  fire  test  of  duration  equal  to  — *  of  the  period  for  which  classi- 
fication is  desired,  but  not  exceeding;  one  hour. 


D.  MISCELLANEOUS  MATERIALS. 

STANDARD   SPECIFICATIONS  FOR  PURITY  OF   RAW  TUNG  OIL. 
(Serial  Designation:  D  12-16.)* 

A  revision  in  the  form  of  separate  specifications  entitled  "Sped- 
fiications  for  Raw  Tung  Oil  (D  12-22  T)'  is  intended  to  replace  the 
present  standard  specifications. 

STANDARD  METHODS  OF  TESTING  LUBRICANTS   (SPECIFIC 
GRAVITY.  FREE  ACID.   CARBON  RESIDUE,  VISCOSITY). 

(Serial  Designation:  D  47-21.)* 

Section  6  (a). — Change  the  third  sentence  to  read  as  follows  by 
the  addition  of  the  italicized  figures: 

"At  the  bottom  of  the  standard  oil  tube  is  a  small  outlet  tube  through 
which  the  oil  to  be  tested  flows  into  a  receiving  flask,  Fig.  3,  whose  capacity 
at  20""  C.  {68  P.)  to  a  mark  on  its  neck  is  60  ( =^0.15)  cc." 

>  The  quantity  to  be  inserted  in  this  blank  apace  will  be  supplied  by  the  committee  when  the 
information  is  available. 

<  1921  Book  of  A.S.T.M.  Standards.  Criticisms  of  this  revision  are  solicited  and  should  be  directed 
to  Mr.  R.  L.  Hallett,  Secretary  of  Committee  D-1  on  Preservative  Coatings  for  Structural  Materials, 
129  York  St..  Brooklyn.  N.  Y. 

>Seep.  742. 

*  192 1  Book  of  A.S.T.M.  Standards.  Criticisms  of  this  revision  are  solicited  and  should  be  directed 
to  Mr.  Van  H.  Manning.  Secretary  of  Committee  D-2  on  Petroleum  Products  and  Lubricants.  IS  W. 
Forty-fourth  St.,  New  York  City. 
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Section  6  (6). — ^Add  the  following  dimension  to  the  table  included 
in  Section  6  (b) : 

"Depth  of  cylindrical  part  of  container,  minimum,  cm 8.8." 

Add  a  new  section  to  read  as  follows: 

"The  Saybolt  Standard  Universal  Viscosimeter  shall  not  be  used  for  times 
of  flow  less  than  32  seconds."    « 

STANDARD  METHOD  OF  TEST  FOR  QUANTITY  OP  CLAY  AND 
SILT  IN  GRAVEL  FOR  HIGHWAY  CONSTRUCTION. 

(Serial  Designation:  D  74-21.)* 

A  revision  in  the  form  of  a  separate  method  of  test  entitled 
"Method  of  Decantation  Test  for  Sand  and  Other  Fine  Aggregates 
(D  136  -  22  T)  "2  is  intended  to  replace  the  present  standard  method. 


STANDARD   METHODS  OP  LABORATORY  SAMPLING  AND 
ANALYSIS  OP  COAL. 

(Serial  Designation:  D  22-21.)* 

On  page  764  of  the  1921  Book  of  A.S.T.M.  Standards,  line  5, 
omit  "No.  2,"  substituting  in  place  thereof  the  word  "a";  on  page 
766,  line  4,  omit  "No.  2'*;  on  page  769,  beginning  with  the  third  line 
under  Apparatus,  change  the  following  paragraph  from  its  present 
form:  namely, 

"Porcelain,  Silica,  or  Platinum  Crucibles  or  Capsules. — ^Por  igniting  coal 
with  the  Eschka  mixture. 

''No.  1  porcelain  capsule,  1  in.  deep  and  2  in.  in  diameter.  This  capsule, 
because  of  its  shallow  form,  presents  more  stuiace  for  oxidation  and  is  more 
convenient  to  handle  than  the  ordinary  form  of  crucible. 

"No.  1  porcelain  crucibles,  shallow  form,  and  platinum  crucibles  of  similar 
size  may  be  used.  Somewhat  more  time  is  required  to  bum  out  the  coal,  owing 
to  the  deeper  form,  than  with  the  shallow  capsules  described  above. 

"No.  0  or  00  porcelain  crucibles,  or  platinum,  alundum  or  silica  crucibles 
of  similar  size  are  to  be  u«ed  for  igniting  the  BaSOi." 

to  read  as  follows: 

**  Porcelain,  Silica,  or  Platinum  Crucibles  or  Capsules. — ^Porcelain  capsules, 
}  in.  deep  and  If  in.  in  diameter,  or  porcelain  crucibles  of  30  cc.  capacity,  high 

i  1921  Book  of  A.S.T.M.  Standards.  Critidama  are  aolicHod  and  ahoold  bo  direetad  to  Mr. 
Pr6vo8t  Hubbard.  Secretary  of  Committee  D-4  on  Road  and  Paring  Materials.  25  W.  Fortjr-third 
Street.  New  York  City. 

•  See  p.  802. 

•  1921  Book  of  A.S.T.M.  Staadarda.  Critidams  of  this  terision  are  solidtad  and  should  be  directed 
to  Mr.  W.  A.  Selvig,  Secretary  of  Committee  D-5  on  Coal  and  Coke.  U.  8.  Bvrean  of  Mtaaa.  4800 
Forbes  St..  Pittsburgh,  Pa. 
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or  bw  form,  or  platintim  crucibles  of  similar  size  are  to  be  used  for  igniting 
coail'  with  the  Eschka  mixture. 

''Porcelain,  platinum,  alundum,  or  silica  crucibles  of  10  to  15  cc.  capacity, 
are  to  be  used  for  igniting  the  BaS04.'' 

On  page  770,  imder  Method,  change  the  second  sentence  in  the 
first  paragraph,  on  Preparation  of  Sample  and  Mixture,  from  its 
present  form:  namely, 

"Transfer  to  a  No.  1  porcelain  capsule,  1  in.  deep  and  2  in.  in  diameter,  or 
a  No.  1  crucible  or  a  platinum  crucible  of  similar  size,  and  cover  with  about 
1  g.  of  Esdika  mixture." 

to  read  as  follows: 

''Transfer  to  a  porcelain  capsule,  }  in.  deep  and  1}  in.  in  diameter,  or  a 
porcelain  crucible  of  30  cc.  capacity,  high  or  bw  form,  or  platinum  crucible 
of  similar  size,  and  cover  with  about  1  g.  of  Eschka  mixture." 

A  revision  in  the  form  of  a  separate  tentative  method  entitled 
"Method  of  Test  for  Fusibility  of  Coal  Ash  (D  22-22  T)"*  is 
intended  to  become  a  part  of  the  present  standard  methods. 

STANDARD  METHODS  OP  LABORATORY  SAMPLING  AND 
ANALYSIS  OP  COKE. 

(Serial  Designation:  D  37-21.)* 

On  page  790  of  the  1921  Book  of  A.S.T.M.  Standards,  line  1, 
omit  "No.  2";  on  page  791,  line  4,  omit  "No.  2";  on  page  794, 
beginning  with  the  third  line  under  Apparatus,  change  the  following 
paragraph  from  its  present  form:  namely, 

"Porcelain,  Silica,  or  Platinum  Crucibles  or  Capsules, — For  igniting  coke 
with  the  Eschka  mixture. 

"No.  1  porcelain  capsule,  1  in.  deep  and  2  in.  in  diameter.  This  capsule, 
because  of  its  shallow  form,  presents  more  surface  for  oxidation  and  is  more 
convenient  to  handle  than  the  ordinary  form  of  crucible. 

''No.  1  porcelain  crucibles,  shallow  form,  and  platinum  crucibles  of  similar 
size  may  be  used.  Somewhat  more  time  is  required  to  bum  out  the  coke  owing 
to  the  deeper  form,  than  with  the  shallow  capsules  described  above. 

"No.  0  or  00  porcelain  crucibles,  or  platinum,  alundum  or  silica  crucibles 
of  similar  size  are  to  be  used  for  igniting  the  BaS04." 

to  read  as  follows: 

"Porcelain,  Silica,  or  Platinum  Crucibles  or  Capsules.— FoTceHBm  capstdes, 
{  in.  deep  and  1}  in.  in  diameter,  or  porcelain  crucibles  of  30  cc.  capacity,  high 

I  See  p.  815. 

*  1921  Book  of  A.S.T.M.  Standards.  Criticisms  of  this  revision  are  solicited  and  should  be  dimotad 
to  Mr.  W.  A.  Selvig.  Secretary  of  Committee  D-5  on  Coal  and  Coke.  V.  S.  Bureau  of  Mines,  4800 
Forbes  St.,  Pittsburgh,  Pa. 
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or  low  form,  or  platintim  crucibles  of  similar  size  are  to  be  used  for  igniting  coke 
with  the  Eschka  mixture. 

"Porcelain,  platinum,  altmdum,  or  silica  crucibles  of  10  to  15  cc.  capacity, 
are  to  be  used  for  igniting  the  BaS04." 

On  page  795,  under  Method,  change  the  first  paragraph  on  Prep- 
aration of  Sample  and  Mixture  from  its  present  form:  namely, 

*^  Preparation  of  Sample  and  Mixture. — ^Thoroughly  mix  on  glased  paper, 
1  g.  of  60-mesh  coke  and  3  g.  of  Eschka  mixture.  Transfer  to  a  No.  1  porcelain 
capstile,  1  in.  deep  and  2  in.  in  diameter,  or  a  No.  1  porcelain  crucible  or  platinum 
crucible  of  similar  size,  and  cover  with  about  1  g.  of  Eschka  mixture." 

to  read  as  follows: 

^'Preparation  of  Sample  and  Mixture, — Thoroughly  mix  on  glazed  paper, 
1  g.  of  60-mesh  coke  and  3  g.  of  Eschka  mixture.  Transfer  to  a  porcelain 
capsule,  i  in.  deep  and  If  in.  in  diameter,  or  a  porcelain  crucible  of  30  cc.  capa- 
city high  or  low  form,  or  platintun  crucible  <^  similar  size,  and  cover  with  about 
1  g.  of  Eschka  mixture." 

STANDARD  METHODS  OF  TESTING  COTTON  RUBBER-LINED  HOSE. 
(Serial  Designation:  D  15-15.)i 

A  revision  in  the  form  of  separate  methods  of  testing  entitled 
"Methods  of  Testing  Rubber  Products  (D  15-22  T)"«  are  intended 
to  replace  the  present  standard  methods. 

E.  MISCELLANEOUS  SUBJECTS. 

STANDARD  DEFINITIONS  AND  RULES  GOVERNING  THE 

PREPARATION  OP  MICROGRAPHS  OF  METALS 

AND  ALLOYS. 

(Serial  Designation:  E  2  -  20.)» 

A  revision  in  the  form  of  additional  definitions  of  terms  entitled 
"Tentative  Definitions  of  Terms  Relating  to  Metallography  (E  2-  21 
T)  "*  is  intended  to  become  a  part  of  the  present  standard  definitions. 

1 192 1  Book  of  A.S.T.M.  Standards.  Criticisms  of  this  revisioxi  are  soUdted  and  should  be  directed 
to  Mr.  C.  B.  Martin,  Secretary  of  Committee  D-II  on  Rubber  ProducU,  Room  S50.  466  Islington 
Ave..  New  York  City. 

s  See  p.  947. 

*  1921  Book  of  A.S.T.M.  SUndards.  Criticisms  of  this  revision  are  solicited  and  should  be  directed 
to  Mr.  O.  P.  Comstock,  Secretary  of  Committee  B-4  on  Metallography,  Titanium  Alloy  Manufacturing 
Co..  Niagara  FaUs.  N.  Y. 

«  Proceedings,  Am.  Soc.  Test.  Mats..  Vol.  21.  p.  829  (1921). 
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